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1. PURPOSE. Thisadvisory circular (AC) contains guidance for pilots to use Globa Postioning
System (GPS) equipment during instrument flight rules (IFR) navigation. It includes operating en route,
in the termind environment, during GPS nonprecision instrument approach proceduresin the U.S.
Nationa Airgpace System (NAS), and in oceanic areas. This document amends AC 90-94 by adding
primary means GPS oceanic/remote operations. This document is advisory only and not mandatory.

2. CANCELLATION. AC 90-94, Guiddinesfor uang Globa Postioning System Equipment for
IFR En Route and Terminal Operations and for Nonprecison Insrument Approachesin the U.S.
National Airgpace System, dated December 14, 1994, is canceled.

3. RELATED READING MATERIAL. Theguiddineswithin this AC complement the following
documents:

a. RTCA No. RTCA/DO-200, November 18, 1988, “Preparation, Verification and Digtribution of
User-Selectable Navigation Data Bases.”

b. RTCA No. RTCA/DO-208, July 1991, “Minimum Operationd Performance Standards for
Airborne Supplementa Navigation Equipment Using Globa Positioning System (GPS).”

c. Technica Standard Order (TSO)-C129, December 10, 1992, “Airborne Supplementd
Navigation Equipment Using the Global Postioning System (GPS).”

d. FAA AC 20-138, May 25, 1994, “Airworthiness Approva of Globa Positioning System
(GPS) Navigation Equipment for Use asaVFR and IFR Supplemental Navigation System.”

4. BACKGROUND. TheU. S. Department of Defense (DOD) origindly developed and deployed
GPS as a space-based postioning, velocity, and time system for the military. The GPS is managed by
the Interagency GPS Executive Board and operated by the DOD. The GPS system permits earth-
centered coordinates to be determined and provides aircraft position referenced to the World Geodetic
System of 1984 (WGS-84). Navigationd vaues, such as distance and bearing to awaypoint and
ground speed, are computed from the aircraft’ s current position (latitude and longitude) and the location
of the next waypoint. Course guidance is provided as alinear deviation from the desired track of a
Great Circle route between defined waypoints.

a. Therapid development of this technology and the establishment of TSO-C129, “Airborne
Supplemental Navigation Equipment Using the Globa Positioning System (GPS)”, has made possible the
firg civil aviation use of GPSin IFR procedures.

b. TSO-C129 (as amended) sets the minimum performance standards that GPS airborne
supplementd areanavigation (RNAV) eguipment must meet to operate in the U.S. NAS during en
route, terminal, and nonprecision approach procedures.

Note: Equipment approved to TSO-C115a does not meet the
requirements of TSO-C129.
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c. The DOD declared initial operationa capability (10C) of the U.S. GPS on December 8, 1993. The
FAA issued a notice to armen (NOTAM) on February 17, 1994, declaring GPS operationa for certain
civil IFR applications. A NOTAM, issued March 3, 1994, specified the applications.

d. This AC provides the performance requirements that GPS airborne RNAV equipment must
meet to be authorized for use as a primary means of Class |1 navigation for oceanic/remote operations.

Note: Aircraft which are equipped with another approved long-range
navigation system, such asINS, need not apply for GPS primary means
approval; they may utilize GPS under supplemental | FR approval.

5. DEFINITIONS. ThisAC contains severd technica termswhich may not be familiar to the new
GPSuser. A lig of definitions can be found in the Glossary, Appendix 1.

6. COMMENTSINVITED. Commentsregarding this publication should be directed to the
following address:

Federd Aviaion Adminigtration
Technica Programs Divison, AFS-400
Hight Standards Service

800 Independence Avenue, SW.
Washington, D.C. 20591

Comments may not require a direct acknowledgment to the commentor; however, they will be
consdered in the development of upcoming revisonsto AC’s or other related technicd materid.
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SECTION 1. GENERAL.

1. BACKGROUND. GLOBAL POSITIONING SYSTEM (GPS). This AC provides guidance
and procedures for the use of satdlite navigation in the U.S. Nationa Airgpace Sysem (NAS), for
oceanic navigation, and where applicable, satdlite navigation outsde the NAS. Sadlite navigation
systems provide globa navigation that meet civil aviation requirements for use in aircraft navigation.
Developments in satellite technology and its use for aircraft navigation are such that it may be expected
that new satdlite navigation systems will evolve in the future, each with its own unique characterigtics.
The Internationd Civil Aviation Organization (ICAO) has adopted “Globd Navigation Satellite System
(GNSS)” as an umbrdlaterm to identify any satdlite navigation system where the user performs onboard
position determination from satellite information. Currently there are only two GNSS systemsthat are
recognized by the Internationd Frequency Regidtration Board (IFRB): the Global Positioning System
(GPS) developed by the United States and the Globd Orbiting Navigation Satellite System
(GLONASS) now under development by the Federation of Russia.

2. GPSARCHITECTURE. GPS congds of three distinct functiona eements. the space dement,
the ground-based control dement, and the aircraft-based user dement.

a. The space dement consdts of 24 Navstar satellites. This group of satellitesiscdled a
congdelation. The satellitesarein Sx orbita planes (with four in each plane) located gpproximately
11,000 miles above the earth. At least five satedlitesarein view & al times. The GPS congdlation
broadcasts a pseudo-random code timing signa and data message that airborne GPS equipment
processes to obtain satellite postion and status data. By knowing the precise location of each satellite
and precisely matching timing with the atomic clocks on the satellites, the airborne receiver can
accurately measure the time each signdl takes to arrive at the recaiver and, therefore, determine aircraft

position.

b. The ground-based control dement conssts of a network of GPS monitoring and control stations
that ensure the accuracy of satdllite pogitions and their clocks. In its present form, the ground-based
system consigts of five monitoring stations, three ground antennas, and a master control station.

c. Theaircraft-based user dement conssts of specia GPS antennas and satdllite receiver-
processors (with a database) onboard the aircraft that provide pogitioning, velocity, and precise timing
informetion to the pilot.

d. A minimum of three satdlites must be in view to determine laterd guidance (2D position). Four
satellites must be in view to provide both lateral and vertical guidance (3D position).

3. SYSTEM DESCRIPTION. GPSisaUnited States satellite-based radio navigationd,
positioning, and time transfer system.  The system provides highly accurate position and velocity
information and precise time on a continuous globa basis to an unlimited number of properly-
equipped users. The system is unaffected by westher and provides a worldwide common grid
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reference system based on the earth-fixed coordinate system. For its earth model, GPS uses the
World Geodetic System of 1984 (WGS-84) datum.

a. GPS providestwo levels of service: Standard Positioning Service (SPS) and Precise
Positioning Service (PPS). SPS provides, to al users, horizontal positioning accuracy of 100
meters, or less, with a probability of 95 percent and 300 meters with a probability of 99.99 percent.
PPS is more accurate than SPS; however, the use of PPSislimited to authorized U.S. and dlied
military, federad government, and certain designated civil userswho satisfy specific U.S.
requirements.

b. GPS operation is based on the concept of ranging and triangulation from a group of satdlitesin
gpace which act as precise reference points. A GPS receiver measures distance from a satellite using
thetrave time of aradio Sgnd. Each satdlite transmits a specific code, called a course acquidtion
(CA) code, which contains information on the satellite’ s pogition, the GPS system time, and the hedth
and accuracy of the tranamitted data. Knowing the speed a which the signd traveled (approximately
186,000 miles per second) and the exact broadcast time, the distance traveled by the signa can be
computed from the arrivd time.

c. The GPS receiver matches each satellite’ s CA code with an identical copy of the code contained
inthe receiver’ sdatabase. By shifting its copy of the satellite’s code in a matching process, and by
comparing this shift with itsinternd clock, the recelver can cdculate how long it took the signal to travel
from the satdllite to the receiver. The distance derived from this method of computing distance is caled
a pseudo-range because it is not a direct measurement of distance, but a measurement based on time.
Pseudo-range is subject to severa error sources, for example, ionospheric and tropospheric delays and
multipath errors.

d. Inaddition to knowing the distance to a satdllite, a recaeiver needs to know the satdllite' s exact
position in space; thisis referred to asits “ephemeris” Each satdlite tranamits information about its
exact orbita location. The GPS recaiver uses this information to precisdy establish the position of the
sadlite

e. Usng the caculated pseudo-range and position information supplied by the satellite, the GPS
recelver mathematicaly determines its podtion by triangulation. The GPS receiver requires at least four
satellites to yied a three-dimensond position (latitude, longitude, and atitude) and time solution. The
GPS recelver computes navigationa vaues, such as distance and bearing to awaypoint or determining
ground speed, by using the aircraft’ s known latitude/longitude and referencing these to a data base built
into the receiver.

f. The GPS congdlation of 24 satdllitesis desgned so that aminimum of five are dways
observable by a user anywhere on earth. The receiver uses data from a minimum of four satellites
above the mask angle (the lowest angle above the horizon a which it can use asatdlite). The GPS
receiver verifies the integrity (usability) of the sgnas received from the GPS congtellation through
recelver autonomous integrity monitoring (RAIM) to determine if asatdlite is providing corrupted
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information. At least one satdllite, in addition to those required for navigation, must bein view for the
recaiver to perform the RAIM function; thus, RAIM needs a minimum of five
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satdlitesin view, or four satdllites and a barometric dtimeter (baro-ading) to detect an integrity anomaly.
Baro-ading isamethod of augmenting the GPS integrity solution by using a nonsatdlite input source. To
ensure that baro-aiding is available, the current atimeter setting must be entered into the receiver as
described in the operating manud.

0. RAIM messages vary somewhat between receivers, however, generaly there are two types.
One type indicates that there are not sufficient satellites available to provide RAIM and another type
indicates that the RAIM has detected a potentid error that exceeds the limit for the current phase of
flight. Without RAIM capability, the pilot has no assurance of the accuracy of the GPS
position.

h. Some satdllite recelvers are capable of isolating a corrupt satellite signa and removing it from the
navigation solution using a process caled Fault Detection and Excluson (FDE). FDE requires Sx
satdlitesin view or five satellites with baro-aiding to isolate the bad satellite signa and continue to
provide avdid navigation sgnd.

i. The Department of Defense declared initid operationd capability (I0C) of the U.S. GPS on
December 8, 1993. Properly certified GPS equipment may be used for IFR navigation in domestic en
route and termina operations, and GPS instrument approach procedures (IAP's). U.S. civil operators
may use properly certified GPS equipment as a primary means of navigation in oceanic airgpace and
certain remote areas. These gpprovas permit the use of GPS in amanner that is consstent with current
navigation requirements as well as approved air carrier operations specifications.

j. Operationd Requirements.

(1) GPSIngtrument Hight Rules (IFR) operations for en route (oceanic and domestic),
termina, and nonprecision approach phases of flight can be conducted when GPS avionics approved
for IFR areinddled in the aircraft asfollows:

(2) Authorization to conduct any GPS operation under |FR requires that:

(& GPS navigation equipment used must be approved in accordance with the requirements
specified in TSO-C129, or equivdent, and the ingtdlation must be done in accordance with AC 20-138
or AC 20-130A, or equivaent. Equipment agpproved in accordance with TSO-C115a does not meet
the requirements of TSO-C129.

(b) Aircraft usng GPS navigation equipment under IFR must be equipped with an
gpproved and operationd dternate means of navigation gppropriate to the flight. Active monitoring of
dternative navigation equipment is not required if the GPS receiver uses RAIM for integrity monitoring.
Active monitoring of an dternate means of navigation is required when the RAIM capabiility of the GPS
equipment islog.
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() Procedures must be established for use in the event that the loss of RAIM capability is
predicted to occur. In Stuations where this is encountered, the flight must rely on other approved
equipment, delay departure, or cancd the flight.

(d) The GPS operation must be conducted in accordance with the FAA-approved aircraft
flight manua (AFM) or flight manud supplement. Hight crew members must be thoroughly familiar with
the particular GPS equipment ingtdled in the aircraft, the receiver operation manua, and the AFM or
flight manua supplement.

Note: UnlikelLSand VOR, the basic operation, recelver presentation
to the pilot, and some capabilities of the equipment can vary greatly
Dueto these differences, operation of different brands, or even models
of thesame brand, of GPSrecelver under I|FR should not be attempted
without thorough study of the operation of that particular receiver and
installation. Many receivers have a built-in smulator mode which will
allow the pilot to become familiar with operation prior to attempting
operation in the aircraft. Using the equipment in flight under VFR
conditionsprior to attempting I FR operation will allow further
familiarization.

(e) Aircraft navigating by IFR approved GPS are consdered to be RNAYV aircraft and have
specid equipment suffixes. Fle the appropriate equipment suffix on the air traffic control (ATC) flight
plan. 1f GPS avionics become inoperative, the pilot should advise ATC.

(f) Prior to any GPS IFR operation, the pilot must review appropriate NOTAM’s and
aeronautical information. (See GPS NOTAM’ JAeronautica Information.)

(9) Air carrier and commercid operators must meet the gppropriate provisons of their
approved operations specifications.

4. GPSEQUIPMENT CLASSES. GPS equipment is categorized into three equipment classes:
Class A, ClassB and Class C. Each class of equipment is broken down into subclasses (e.g. A1, A2)
according to the operationd capabilities of each subclass. Authorization to fly gpproaches under IFR
using GPS avionics systems requires that pilot use GPS avionics certified in accordance with TSO-
C129, or equivaent. All approach procedures to be flown must be retrievable from the current
arborne navigation data base supplied by the TSO-C129 equipment manufacturer or other FAA
approved source. A description of each classfollows:

a. ClassAland A2. Equipment incorporating both the GPS sensor and navigating cgpability. This
equipment incorporates Receiver Autonomous Integrity Monitoring (RAIM). Class A1 equipment
includes en route, termind, and GPS nonprecision approach (except localizer, locdizer directiond ad
(LDA), and smplified directiond facility (SDF)) navigation capability. Class A2 equipment includes en
route and termina navigation capability only.
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b. ClassB1, B2, B3, and B4. Equipment conssting of a GPS sensor that provides datato an
integrated navigation system (i.e., flight management systems, multi- sensor navigation systems). Class Bl
equipment includes RAIM and provides en route, terminal, and GPS nonprecision approach (except
localizer, LDA, and SDF) capability. Class B2 equipment includes RAIM and provides en route and
termind capability only. Class B3 equipment requires the integrated navigation system to provide alevel
of GPSintegrity equivaent to RAIM and provides en route, terminal, and GPS non-precision approach
(except locdlizer, LDA, and SDF) capahility. Class B4 equipment requires the integrated navigation
systemto provide alevel of GPSintegrity equivaent to RAIM and provides en route and termind

cagpability only.

c. ClassC1, C2, C3and C4. Equipment conssting of a GPS sensor that provides datato an
integrated navigation system (i.e,, flight management system, multi- sensor navigation systems) which
provides enhanced guidance to an autopilot or flight director in order to reduce flight technica errors.
Class C1 equipment includes RAIM and provides en route, termina, and nonprecision approach
(except locdizer, LDA, and SDF) capability. Class C2 equipment includes RAIM and provides en
route and termina capability only. Class C3 equipment requires the integrated navigation system to
provide aleve of GPSintegrity equivaent to RAIM and provides en route, terminal, and nonprecison
approach (except localizer, LDA, and SDF) capability. Class C4 equipment requires the integrated
navigation system to provide aleve of GPS integrity equivadent to RAIM and provides en route and

termina capability only.

d. Operational Capabilities. The operationa capabilities of the equipment classes and
subclasses are outlined in Figure 1.
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GPSIFR EQUIPMENT CLASSESSUBCLASSES (T SO-C129)

Equipment |RAIM I ntegrated Oceanic EnRoute |[Termind Non-Precison
Class Navigation Approach Capable
System to
provide RAIM
Equivdent
Class A — GPS sensor and navigation capability.
Al yes yes yes ES S
A2 yes yes yes Yes no

Class B — GPS sensor data to an integrated navigation system (i.e., FMS, multi-sensor

navigation systems)

Bl yes yes yes yes yes
B2 yes yes yes yes no
B3 yes yes yes yes yes
B4 yes yes yes ES no

Class C — GPS sensor data to an integrated nav system (asin Class B) which provide
enhanced guidance to an autopilot, or flight director, to reduce flight technical errors
enhanced guidance to an autopilot, or flight director, to reduce flight technical errors.
Limited to Title 14 of Code of Federal Regulations (14 CFR) part 121 or equivalent.

C1l yes yes yes yes yes
C2 yes yes yes yes no
C3 yes yes yes yes yes
C4 yes yes yes yes no

Figure1l. GPS Equipment Classes

5. GPSSYSTEM ACCURACY/ERRORS. GPS eguipment determines its position by precise
measurement of the distance from sdected satdlitesin the system, and the satdllites' known location.
Accuracy measurements are affected by satellite geometry (which multiplies the effect of other errorsin
the system), dight inaccuraciesin the satellite clocks, receiver processing, sgnd reflections, and
predictions of current satellite position that are tranamitted to the receiver in the satellite data message.
The accuracy of GPS position data can be affected by equipment and the satellite geometry being
received. Many of these errors can be reduced or eiminated with mathematics and sophisticated
modeling provided by the airborne receiver.

NOTE: Selective Availability (SA) isthe means which the DOD usesto
artificially createerrorsin the signals from the satdlites. Thisfeatureis
designed to deny a potential enemy the use of precise GPS positioning
data. Thisisthelargest sourceof error in the GPS system. When SA is
active however, the DOD guaranteesthat the horizontal position accuracy
will not be degraded beyond 100 meters (328 feet) 95 per cent of thetime

and 300 meters (984 feet) 99.99 per cent of thetime.
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SECTION 2. GPSIN THE NATIONAL AIRSPACE SYSTEM (NAS).

1. GENERAL. GPSIFR operations for Instrument Departure Procedures (DP' s), formerly Standard
Instrument Departures (SID’s), en route navigation, Standard Termind Arrival Routes (STAR's) and
termina Standard Instrument Approach Procedures (SIAP's) should be conducted in the same manner
as conventional RNAV operations.

a. For domestic en route GPS flight operations, the aircraft must have navigationa equipment
ingalled and operationa that can receive dl the ground- based facilities appropriate for the route to the
destination airport and any required dternate airport. The ground-based facilities necessary for these
routes must so be operationa. These ground-based systems do not have to be actively used to
monitor the GPS avionics unless RAIM failure occurs. Within the contiguous United States, Alaska,
Hawaii, and surrounding coasta waters, this requirement may be met with an operationa independent
VOR, NDB, TACAN, or LORAN-C receiver in addition to the GPS system for IFR operation.

Note: GPS may not be approved for IFR usein other countries. Pilots
should ensure that GPSisauthorized by the appropriate sovereign state
prior toitsuse.

b. GPS domestic terminal IFR operations can be conducted as soon as the proper avionics
sysems are indalled, provided al genera requirements are met. Ground- based facilities necessary for
these terminal operations may or may not be required depending on the type of GPS approach that is
flown, as discussed below:

2. GPS“STAND ALONE” APPROACHES. “Stand done’ GPS nonprecision approaches are
those which are not overlaid on an existing approach. The first stand aone GPS approaches were
published on July 21, 1994. The airborne-based equipment and ground-based NAVAID requirements
are the same for GPS stand aone approaches as for the overlay approaches containing “GPS’ in the
title, as described above. The“stand done’ approach conssts of a sequence of waypoints defining the
point to point track to be flown and will be contained in the GPS database as a series of waypoints.
Typicaly, each approach will include the initiad approach waypoint, intermediate waypoint, fina
approach waypoint, missed approach waypoint, missed approach turning waypoint, and missed
gpproach holding waypoint. All waypoints, except a missed approach waypoint, will be coded with a
five-letter alpha character name. Missed gpproach waypoints will be assigned a database identifier.
The sequence of waypoints gppearing in the display should be identicd to the waypoint sequence
appearing on an associated GPS approach chart. Stand Alone Copter GPS approaches, including the
missed approach, should be flown at 70 Knots or less, since the route width, turn radius and descent
rates are al based on this speed.

a. Overlay and Stand Alone Approaches. Therewill continue to be amixture of nonprecison
GPS overlay and GPS stand alone approaches in the U.S. NAS for sometime. Most nonprecision
instrument gpproach proceduresin the U.S. (except locdizer, LDA, and SDF) are available under the
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overlay program when there is not a stand alone GPS approach to that runway. The FAA will continue
to develop and authorize stand aone GPS approaches. Examples of Overlay and Stand Alone
Approaches are contained in Appendix 3.

b. Waypoints. GPS gpproaches make use of both “fly-over” and “fly-by” waypoints. Hy-by
waypoints are used when an aircraft should begin aturn to the next course prior to reaching the waypoint
separating the two route segments. Thisis known as turn anticipation and is compensated for in the
airspace and terrain clearances.

(1) Approach waypoints, except for the missed approach waypoint (MAWP) and the missed
approach holding waypoint (MAHWP), are normaly fly-by waypoints. Fy-over waypoints are used
when the aircraft must fly over the point prior to sarting aturn. Approach charts depict fly-over
waypoints as a circled waypoint symbol. Overlay gpproach charts and some early stand done GPS
gpproach charts may not reflect this convention.

(2) On overlay approaches (titled “or GPS’), if no pronouncegble five character nameis
published for an gpproach waypoint or fix, it may be given an ARINC data base identifier conssting of
letters and numbers. These points will gppear in the list of waypointsin the gpproach procedure data
base, but may not appear on the approach chart. Procedures without afinal approach fix (FAF), for
instance, have a sensor fina approach waypoint (FAWP) added to the data base at least 4 NM prior to
the MAWP to dlow the receiver to trangition to the approach mode. Some approaches also contain an
additiond waypoint in the holding pattern when the MAWP and MAHWP are colocated. Arc and
radid approaches have an additiona waypoint that is used for turn anticipation computation where the
arc joinsthe fina approach course. These coded names will not be used by ATC.

(3) Unnamed waypoaintsin the data base will be uniquely identified for each airport but may be
repeated for another arport (e.g., RW36 will be used a each airport with arunway 36 but will be at the
same location for al gpproaches a a given airport).

(4) The runway threshold waypoint is aso used as the center of the minimum sector dtitude
(MSA) on most GPS approaches. MAWP s not located a the threshold will have afive letter identifier
or be designated as Mxx instead of RWxX.

3. APPROACH OVERLAY PROGRAM. To accelerate the availability of instrument approach
procedures to be flown using certified GPS equipment, the FAA devel oped the GPS Approach
Overlay Program. This program alows pilots to use GPS equipment to fly existing VOR, VOR/DME,
NDB, NDB/DME, TACAN, and RNAV nonprecision instrument approach procedures. The
approach overlay program islimited to U.S. airgpace. GPS instrument gpproach operations outside the
U.S. must be authorized by the appropriate sovereign state.

a. The purpose of the gpproach overlay program isto permit pilotsto trangtion from ground-
based to satellite-based navigation technology for instrument gpproaches. GPS equipment may be used
to fly al nonprecision instrument approach procedures that are
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retrieved from a database, except localizer, locdizer directiond ad (LDA), and smplified directiona
facility (SDF) approach procedures.

b. Any required dternate airport must have an approved instrument gpproach procedure, other than
GPS or LORAN-C, which is anticipated to be operationa at the estimated time of arrival. The
approach overlay program permits the use of GPS equipment for certain non-precision approaches
according to two very specific sets of conditions that each have specific provisons and limitations. The
appropriate condition is indicated by the inclusion (or not) of “GPS’ in the title of the approach
procedure:

(1) “GPS’ not included in thetitle of the procedure: permitted with ground- based
NAVAID(s) Operationd.

(& Thistype of overlay GPS approach was agpproved in 1994 when the FAA declared the
system suitable for civil operations. GPS avionics can be used asthe IFR flight guidance system for an
gpproach without actively monitoring the ground-based NAV AID(s) which defines the approach.
However, the ground-based NAVAID(s) must be operationd. In addition, the related avionics must
be ingtaled and operationa but need not be turned on during the gpproach (monitoring backup
navigation is dways recommended when availadle).

(b) Approaches must be requested and gpproved using the published title of the existing
approach procedure, such as“VOR RWY 24.” The avionics need not be operating during the
goproach if RAIM is providing integrity.

(2) “GPS’ isincluded in theftitle of the procedure: permitted with ground-based NAV AID(s)
not required:

(& Thistype of overlay GPS approach was approved when the firgt instrument gpproach
procedures were published to include “or GPS” in the title of the published approach procedure.
Instrument approach procedures were retailed “or GPS’ (e.g., VOR or GPS RWY 24). Ground-based
NAVAID’s are not required to be operational and associated aircraft avionics need not be instaled,
operationa, turned on or monitored. (Monitoring of the underlying approach is suggested when
equipment is available and functiond).

(b) GPS gpproaches are requested and gpproved using the GPStitle, such as*GPS RWY
24" However, for GPS systems that do not use RAIM for integrity, the ground-based NAVAID(s) and
the airborne avionics that provide the equivaent integrity must be instaled and operating during the
approach.

NOTE: Alternate Airport reguirements. In each of the two above
conditions, any time an alternate airport isrequired, the alternate
airport must have an approved instrument approach procedure, other
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than GPS, which isanticipated to be operational and available at the
estimated time of arrival and which the aircraft isequipped to fly.
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4. GPS STANDARD INSTRUMENT APPROACH PROCEDURE (SIAP) DESIGN
CONCEPTS (TAA).

a. Theobjective of the Termina Arriva Area(TAA) procedure design isto provide a new
trangtion method for arriving arcraft equipped with FMS and/or GPS navigationa equipment. The
TAA containswithinit a“T” dructure that normaly provides a NoPT for arcraft using the gpproach.
The TAA providesthe pilot and air traffic controller with a very efficient method for routing traffic from
en route to termina structure.

b. Thebasc“T” that iscontained in the TAA normaly aigns the procedure on runway centerline, with
the missed approach point (MAP) located at the threshold, the final approach fix (FAF) 5 NM from the
threshold, and the intermediate fix (IF) 5 NM from the FAF. Two initid gpproach fixes (IAF s) are
located 3 to 6 miles from the center IF (IAF). All of these waypoint fixeswill be named with afive
character pronouncegble name. The length of the initial segment varies with the category of aircraft using
the procedure or descent gradient requirements. The minimum length of an initial segment designed for
Category A arcraft is3 NM. The minimum length for an initid segment designed for Category E arcraft is
6 NM. Theseinitid segments are constructed perpendicular (90°) to the intermediate segment. Thereisa
holding pettern at the IF (IAF) for course reversal requirements. For example, some pilots may desire to
execute ahold “in lieu” of procedure turn (PT) to meet a descent gradient requirement. The missed
gpproach segment isidedly aigned with the fina approach course and terminates in adirect entry into a
holding pattern. (See Figure 2-1.) Certain conditions, such asterrain, may require modification of the leg
lengths and/or angles and a different MAP routing. (See Figure 2-2.)
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Basic“T” Design

Flan View
IF(IAF)
IAF {3 to B nautical miles) {3 to B nautical miles) IAF
Initial Segment Initial Segment

v 5

Intermediate Segment
{5 nautical miles)

FAF

Final Segment
(5 nautical miles)

¢ Missed Approach Holding Fix
Figure2.1
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Basic“T” Design

Plan View

IAF

s

(3 to 6 nautical miles)
Initial Segment

FAF

MAP

y

IF(IAF)

Missed Approach Holding Fix

e

(3 to 6 nautical miles)
Initial Segment

Intermediate Segment
(5 nautical miles)

Final Segment
(5 nautical miles)

Runway

Figure2.2
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C. Inorder to accommodate descent from a high en route dtitude to the initial segment dtitude, the
basic “T” configuration may be modified. When this occurs, aPT holding pattern provides aircraft an
extended distance for the necessary descent gradient. The holding pattern constructed for this purpose
isalways established on the IF (IAF) waypoint. (See Figure 2-3.)

Modified Basic“ T”

Plan View

IF(IAF)

-

PT required for aircraft
approaching from this
side due to descent gradient.

w

IAF

Initial Segment

Intermediate Segment

x

FAF

Fihal Segment

MAP
Runway

Figure2.3
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d. Another modification may be required for pardld runways. The normd “T” IAF sserve dl

pardld runways (See Figure 2-4.)

Normal “T” for Paralld Runways

Flan View

A

BAKER CURLY

5 NM 5 NM

Intermediate
Segment

Imermadiate
Segment

FAF FAF

Final Segment Final Segment

MAP MAP

Runways

5 NM

ALPHA 1AF nitia Segment |F{IAF) IF{IAF) Initial Segment BRAVO IAF

Each runway will require a separate IF{IAF).
Only one initial, intermediate and final segment
combination will be depicted on the approach
chart.

The normal "T" |AF's serve all parallel runways.

Figure2.4
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e. However, only oneinitid, intermediate and fina segment combination will be depicted on the
gpproach chart for the landing runway (See Figure 2-5 and Figure 2-6.)

Modified Basic“T”

Modified Basic“T”

Plan View Flan View
BLKER. CURLY
ALFHA I&F IF(IAF) BRAVO I&F ALPHAILF IFIAF) BRAVO IAF
: Initial Segroent  j  Indtial Semmnent : Initial Semment Initial Segtuent
SHM 55HM 5HM
[nterraediate
Intermediate Segrnent
Segent
FuF
FAF
Pl Segueent Final Segrnent
& MAP
MLP &
Burnwrays
Runways
Figure2.5 Figure 2.6
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f. The sandard TAA consgs of 3 areas that are established by the extension of the legs of the
basc“T’. These areas are: the straight-in, left base and right base. The 30 NM arc boundary of each
areais equivaent to afeeder fix. When crossing the boundary of each of these areas or when released
by ATC, within the area, the pilot is expected to proceed direct to the appropriate waypoint |AF for the
approach area being flown. A pilot has the option in dl areasto proceed direct to the holding pattern
for course reversal but must obtain a clearance from ATC unlessthe areais annotated “PT Required.”
The hold in lieu of procedure turn pattern at the IF (IAF) isstandard. Area boundaries are magnetic
courselinesto the IF (IAF). The charted dtitudes within the TAA are maintained by aircraft that
traversethese areas. (SeeFigure 2-7.)

TAA Area

To Straight-in IF(IAF)

Plan View

o
STRAIGHT-IN AREA

« 270"

090

-
RIGHT BASE AREA | LEFT BASE AREA

To Right Base |IA
To Left Base |AF

-3

360

Aircraft maintain designated altitudes within each area,

Figure2.7
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g. Normdly, the minimum dtitudes specified in the TAA and hold in lieu of procedure turn are the
same. However, there may be locations where terrain or operationa Situations require minimum
dtitudes to be maintained within a sector of an area. In Figure 2-8, pilotsflying into the right or left base
aress are expected to maintain aminimum dtitude of 6,000 feet MSL until within 17 NM of the
appropriate |AF and then descend to the lower charted dtitudes. Filots approaching from the
northwest are expected to maintain aminimum altitude of 6,000 feet MSL until within 22 NM of the IF
(IAF) then descend to an dtitude not lower than 2,000 feet MSL until reaching the IF (IAF).

Sectored TAA Areas

Plan View

STRAIGHT-IN AREA

2000'

IFCIAF)
|AF 270"

040

Ruimway

(000"

RIGHT BASE AREA

LEFT BASE AREA

360

Figure 2.8
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h. There may be modificationsto the area of the standard TAA because of operationa requirements.
For example, theright or left base areas may be modified or diminated. A hold in lieu of procedure turn
pattern can be required when gpproaching from a certain area. Figure 2-9 is an example of this Stuation.
PFilots gpproaching the IF (IAF) within 120° of the final approach course (this is the maximum intercept
angle, asmdler angle could be required) are expected to fly aNoPT gtraight-in gpproach. If the PT is
needed for unusud Stuations, advise ATC of your intentions. Pilots approaching the IF (IAF) on acourse
greater than 120° (or a specified smdler angle) from the final gpproach course are required to execute a
procedure turn.

TAA with Left and Right Base Areas Eliminated

Plan View

MoPT approaching the
IF{IAF) from anywhere

within this area.

4100° i
ﬁ IF(IAF)

[y =—— HMavigating to this fix,

Runusy

b

¥ 4100 N
Q"o“ PT required approaching 309 o
the IF{lAF} from anywhers

within this area.

Figure2.9
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i. Fgure 2-10 isan example of another modification. Theright baseisdiminated. Filots
gpproaching the IF (IAF) from between the courses of 360° clockwise to 060° are required to perform
aPT. Rilots are expected to execute a NoPT straight-in gpproach when gpproaching the IF (IAF) from
between the courses of 060° clockwiseto 270°. The left base contains an IAF with aninitid leg.

NOPT is expected.

TAA with Right Base Eliminated

Plan View

NoPT approaching the IF(1AF)
from anywhere within this area.

€ 270°

80 ® FAF MNoPT approaching the 1AF
) from anywhere within this area.
3600" ® MAP

Runway

4500°

PT required approaching
the |IAF from anywhere
within this area.

A
360°
Figure 2.10
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J. Normdly an airway will overliea TAA. Fgure 2-11 isan example of dl airwayslying outsde of
the TAA. Therequired feeder routes are adigned with the appropriate IAF s of the“T”.

TAA with Feedersfrom an Airway

Airway

____.[:-

187°

215°

NoPT approaching the fix !
from anywhereinthisarea  f
&

Airway

090° 3+ 270°

NoPT | I NoPT Bl
approaching the approaching the
fix from | fix from

anywherein this anywherein this 285°

Airway

&
005°  360°

Airway

Figure2.11
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SECTION 3. GPSOUTSIDE THE NATIONAL AIRSPACE SYSTEM (NAYS).

1. GENERAL. Thissection contains guidance for pilots and Operators for the instalation and use of
GPS equipment as a primary means of Class || navigation for oceanic/remote operations (including
operations in North Atlantic MNPS airspace as per 14 CFR part 91, section 705) under IFR
conditions. Emphasisis placed on the operationa procedures and pilot actions required to safely
operate in oceanic/remote airspace using GPS as a primary means of Class |1 navigation under IFR
conditions.

2. PRIMARY MEANS OCEANIC/REMOTE OPERATIONS. Class!l navigation
Oceanic/remote operation is defined as that phase of flight between the departure and arriva termina
phases with an extended en route flight path over oceanic/remote areas outside the Operationd Service
Volume of ICAO slandard airway navigetion facilities. “Primary means of navigation” identifies
navigation equipment which provides the only required means on the aircraft of satisfying the necessary
levels of accuracy, integrity, and availability for a particular area, route, procedure or operation. The
failure of aprimary means of navigation will require reversion to dead reckoning. GPS equipment is
acceptable for use as the primary means of navigation for Class | navigation in oceanic/remote areas
using current separation sandards. Using GPS however, requires the operator to follow unique pre-
departure and en route procedures which are contained later on in this section.

3. EN ROUTE OCEANIC.

a. Oceanic operation is defined as that phase of flight between the departure and arriva termina
phases with an extended flight path over oceanic areas. In addition to the criteriaoutlined in thisAC,
the aircraft must be equipped with an approved long range navigation system appropriate for the
intended route of flight. GPS may be used as a sole means of Class |1 navigation on oceanic/remote
routes requiring elther dua or sngle ingtalations provided that the equipment is ingtaled in accordance
with the guidance contained in this AC.

b. GPSIFR operations in oceanic areas can be conducted as soon as the proper avionics systems
areinddled, provided dl generd requirements are met. Aircraft using GPS equipment under IFR must
be equipped with an gpproved and operationd dternate means of navigation (such as VOR, NDB, or
an gpproved long range navigation system such as LORAN) appropriate for the intended route to be
flown. Active monitoring (cross checking) of the alternate equipment is not necessary for ingtalations
which use RAIM for integrity monitoring. For these systems, active monitoring by the flightcrew is only
required when the RAIM capability islos.

Note: Outside of the National Airspace System (NAS), GPS may be
used asa Long Range Navigation System (LRNS). On thoseroutes
requiring two long range navigation systems, a GPS installation with
TSO-C129 authorization in ClassAl, A2, B1, B2, C1, or C2 may be
used to replace or supplement one of the other approved means of
LRNS's, such asone unit of adual INS. On thoseroutesrequiring a
sngle LRNS, a GPS unit which providesfor integrity monitoring may be
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used asthe LRNS and active monitoring of the alternate equipment is
only required when the RAIM capability islost. Additionally, GPS may
be used asa primary means of Class || navigation on oceanic/remote
routesrequiring either dual or single ingtallations provided that the
equipment isinstalled in accordance with draft FAA Notice N 8110.GPS
and that operators comply with the guidelines set forth in Appendix 3.
Flight Standards Handbook Bulletin for Air Trangportation, Number 95-
02, “ Guidance for Obtaining Operational Approval for the use of Global
Pogstioning System (GPS) in the Conduct of Air Carrier Operations’,
providesthe approval processfor all GPS operations conducted by U.S.
air carrier and commercial operatorsunder 14 CFR 121 or 135 or by
foreign air carriersunder 14 CFR part 129. GPS may not be approved
in other countries. Pilots should ensurethat GPSisauthorized by the
appropriate sovereign state prior to itsusewithin that state. Aircraft
operating in oceanic/remote areas usng GPS asa primary means
system must comply with theinstallation guidance and the operational
guidance contained in thisAC.

4. INSTALLATION AND APPROVAL FOR GPSUSED ASA PRIMARY MEANS OF
NAVIGATION FOR OCEANIC/REMOTE OPERATIONS. Thefollowing guidanceis provided
for gpproving the ingdlation of globa pogtioning system (GPS) equipment to be used as a primary
means of navigation for oceanic/remote operations (incdluding minimum navigetion performance
specifications (MNPS) airspace). To dlarify terminology, this guidance adopts the term “primary means
of navigation” as opposed to “sole means of navigation” to identify navigation equipment which provides
the only required means on the aircraft of satisfying the necessary leve of accuracy, integrity, continuity
and availability for aparticular area, route, procedure or operation. The failure of a primary means of
navigation may require reverson to a non-normal means of navigation (e.g., dead reckoning). Examples
of sysemswhich can provide a primary means of navigation include: very high frequency
omnidirectiond range (VOR) for domestic en route, terminal, and nonprecision approach where it is
available; VOR/distance measuring equipment (DME) for domestic en route above flight level 240,
termindl, and nonprecison gpproach whereiit is available; and inertid navigation systems (INS) for
oceanic operation. The GPS indalations which revert to another long-range navigator, such as INS,
need not gpply for GPS primary means gpprovd; they may utilize GPS under supplementd Instrument
Fight Rules (IFR) approva.

a. Performance Requirements. Thefollowing requirements must be met by the GPS equipment,
in addition to the performance requirements of RTCA/DO-208, Minimum Operationd Performance
Standards for Airborne Supplemental Navigation Equipment Using Globa Postioning System, as
modified by Technica Standards Order (TSO)-C129. The gpprova process for evaduating compliance
to these requirements is discussed in this Section.
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(1) The GPS equipment must be capable of detecting and excluding a GPS satdllite failure by
means of afault detection and excluson (FDE) dgorithm including receiver autonomous integrity
monitoring (RAIM) for detection. The exclusion of asatdlite failure must be automatic,
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thus pilot action is not permitted to accomplish excluson. The specific requirements of the excluson
function can be found in Appendix 4.

(2) Inaddition to FDE, the equipment must use an acceptable means to detect and exclude
from the navigation solution, any satellite which is being tracked that experiences a failure which causes
a pseudorange step function. The requirements for detection and exclusion of a pseudorange step
function can be found in Appendix 4.

(3) The GPS equipment must exclude, without pilot action, any satellite designated unhedthy by
any of the GPS navigation data. The satellite must be excluded within 5 minutes of the designation as
unhedlthy by the satdllite. The specific requirements on what portions of the GPS navigetion data shdll
be used to determine GPS hedlth are contained later in this Section.

(4) If aGPS sadlite failure resultsin loss of GPS navigation (due to the failure to exclude or a
hard satellite faillure which results in an inadequate number of satellites), an appropriate indication (TSO-
C129, paragraphs (a)(3)(xiii)1c, (a)(4)(iv)10, and (a)(5)(iv)9) of the failure must be provided to the
arcraft crew.

(5) The equipment must provide, upon request, an indication of the current estimate of position
uncertainty in terms of NM. This estimate must be based on measurement inconsstency and must
bound the true error with high confidence (approximately 99.9 percent). It isrelated to the test Satistic
caculated as part of FDE. This estimate will not be available if there are only four measurements
avallable (because there is no redundancy). This output isintended to be used to provide information
about the approximate magnitude of a potentid pogtioning failure, when the horizonta integrity limit
(HIL) exceeds the dert limit or when a positioning failure has been detected and not excluded.

(6) Theloss of the long-range navigation function must be demongtrated to be improbable
according to AC 23.1309- 1A, Equipment, Systems, and Ingdlationsin part 23 Airplanes,or AC
25.1309- 1A, System Design Analysis. For many oceanic/remote operations, this requirement must be
met by equipping the aircraft with at least two (or more) independent (i.e., dua control diplay unit, dua
GPS antenna, dual power sources, duad GPS sensors) navigation systems with a mean time between
falures of a least 1000 hours each (for dua equipage).

(7) A prediction program is required to support operationa departure retrictions. The specific
requirements for this program are contained later in this Section.

b. Desired Performance. In addition to the required festures described above, it is
recommended that the GPS equipment provide the following features. These features increase the
verstility and availability of the GPS recelver and may facilitate obtaining future operationd benefits.

(1) Theingaled GPS equipment should be capable of acquiring and tracking satellites above a
threshold that is at or below the horizon (no mask angle) in the oceanic/remote mode. However, the
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introduction of this capability also incurs a requirement to provide an automatic and/or manua method
of switching between the oceanic/remote mode of operation

(lower mask angle) and the standard mode of operation. If the selection is manud, the selected value
must be continuoudy displayed to the flight crew and must not inhibit the required automatic changes
specified in TSO-C129.

(2) The GPS equipment should provide an oceanic/remote mode of operation in which the alert
limit for RAIM, as defined in RTCA/DO- 208, can be increased up to 4 NM to improve FDE
avallability. Care mugt be taken in the design of the crew annunciations so thet thereis a clear
digtinction between loss of FDE availability and loss of navigation (this may be due to a detected satellite
failure that cannot be excluded). The time-to-aert in the oceanic/remote mode of operation can be
greater than 30 seconds, but shall not exceed 5 minutes.

(3) The GPS equipment should aso continue to process the FDE agorithm when the interna
HIL exceedsthe dert limit in order to provide some leve of integrity monitoring; any detected fallure
should be annunciated even if the HIL exceeds4 NM. When the HIL is greater than 4 NM, the
equipment must enunciate that integrity monitoring isinadequate (TSO-C129 paragraphs (a)(3)(xiii)2a,
(@(4)(iv)10, and (8)(5)(iv)9).

(4) During norma operation, the equipment should be capable of computing and displaying the
current wind speed and wind direction.

(5) The GPS equipment should have the capability to accept forecast wind conditions at
waypoints dong aroute in order to improve estimated time of arriva performance.

(6) The navigation system should include an automatic dead reckoning (DR) navigation mode that
becomes active when GPS navigation cagpability islost. The system, if provided, must include eectronic
inputs of true airgpeed, dtitude, and stabilized heading for use in generating the DR pogition. The system
should use calculated winds from the last valid GPS data and incorporate the ability for the crew to input
forecast winds. The system should be demonstrated to be capable of navigation with drift rates of no
more than 14 NM per hour (assuming no wind changes).

(7) If the system provides a DR mode, then it should automeaticaly revert to the dead reckoning
mode when a GPS navigation solution cannot be provided, and should provide an dert to the pilot. The
system should dso alow the pilot to sdect DR when FDE has detected a satdllite failure and the failure
cannot be excluded. An indication that the system has reverted to dead reckoning mode must be
continuoudy provided to the aircraft crew if the modeis provided. The dead reckoning mode of the
GPS equipment shdll retain the capabiility to couple with the flight guidance system (autopilot/flight
director), if provided, and should not disconnect when switching between GPS and dead reckoning
modes. The GPS equipment must automaticaly revert to norma navigation as soon as a navigation
solution can be provided. Both trangitions must be clearly annunciated (GPS to DR and DR to GPS).

c. Approval Process.
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(1) The GPS equipment manufacturer or aircraft manufacturer obtains a TSO-C129
authorization (Class A1, A2, B1, B2, C1, or C2) from the cognizant Aircraft Certification Office (ACO).
The manufacturer may aso demongtrate compliance with the “performance requirements’ and any
additiona “desired performance’ functions as outlined above. The FDE prediction capability, as defined
inthis AC, must dso be evauated to comply with the requirements for accurately predicting the
availability of the FDE dgorithm. In this case, the aircraft certification office engineer should issue a
Sseparate letter of design gpprovd, sating that the appliance (including part number) and software
prediction program (including revison number) has been found to comply with thisnotice. It is assumed
that the gppliance will be manufactured under a TSO authorization (TSOA). Alternatively, the applicant
must demondrate that the performance requirements of TSO-C129 are met as part of the ingtallation
gpproval.

(2) The gpplicant obtains ingtallation gpprova of the GPS navigation system via the amended
Type Certificate (TC) or Supplementa Type Certificate (STC) certification process. An acceptable
means of compliance to determine arworthiness can be found in AC 20-138, Airworthiness Approva
of Globd Pogtioning System (GPS) Navigation Equipment for UseasaVFR and IFR Supplementa
Navigation System, or AC 20-130A, Airworthiness Approva of Navigation or Hight Management
Systems (FMS) Integrating Multiple Navigation Sensors.

(@ If the manufacturer has previoudy obtained a TSOA and obtained aletter of design
gpprova as described in paragraph 6a of this notice, no additiond testing is required beyond that
outlined in AC 20-138 or AC 20-130A.

(b) If the manufacturer has not obtained a TSOA or letter of design approva as described
inthis AC, then the applicant must demonstrate compliance with the “ performance requirements’ and
any additiona “desired performance’ functions as outlined above. The FDE prediction capability must
aso be evauated to comply with the requirements to accurately predict the availability of the FDE
dgorithm.

(¢) Oncetheingdlation has been gpproved, the aircraft flight manua supplement (AFMS)
must be updated to gate: “The XXX GPS equipment as ingtdled has been found to comply with the
requirements for GPS primary means of navigation in oceanic and remote airspace, when used in
conjunction with the XXX prediction program. This does not congtitute an operationa gpprova.”
Appropriate operationa procedures assumed for aircraft certification, as well as procedures for
operating any additiona features (such as dead reckoning) must be identified in the AFMS. These
procedures must include the use of the FDE prediction agorithms.

(d) The FAA Form 337, Mgor Alteration or Repair, process may be used for follow-on
ingalations of the same navigation system for which thereisa TC or STC in the same modd arcraft and
the engineering data developed for the initid certification is used to accomplish the follow on ingdlation
gpproval.
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() The applicant should be aware that an operationa approva must be obtained before
conducting Class I navigation (remote/oceanic). Applicants should contact the appropriate Flight
Standards Didtrict Office to seek approval.
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5. REQUIREMENTSFOR FAULT DETECTION AND EXCLUSION (FDE). GPS
equipment shal have afault detection and exclusion (FDE) capability that utilizes GPS measurements to
provide independent integrity monitoring. The detection function refers to the capability to detect a
sadlite failure which affects navigation, while the exclusion function refers to the cgpability to exclude
one or more faled satdlites from the solution and prevent a satdllite failure from affecting navigation.
The FDE dgorithm must meet the following requirements under the standard assumptions of GPS
performance as specified in this AC. The detection and exclusion functions must be accomplished
without pilot interaction. The FDE adgorithm must be aided by barometric atimetry measurements, as
required by TSO-C129. Additiond augmentations (such as clock ading) are not precluded.

a. FDE termsand event relationships. In order to assst in the understanding of FDE
terminology, the following schematic depiction (Figure 3.1) illustrates afault tree rdating FDE events.
The events are further defined below.

*Wrong excluson is not possible, snce thereis no red failure to incorrectly exclude.
Figure 3.1.

b. FDE De€finitions.

(1) Alet. Andertisdefined to be anindication that is provided by the GPS equipment that the
navigation performance achieved by the equipment is not acceptable. The conditionsfor thisdert are
defined below. Notethat an dert refers only to those indications that are provided by the sensor, and
does not refer to any interna processing associated with the FDE agorithm.
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(2) Horizonta Alert Limits. The horizontd dert limit for oceanic/remote navigation mode is
defined to be at least 2 NM, but shal not exceed 4 NM. RTCA/DO-208 specifiesalimit of 2 NM,
but ahigher limit of 4 NM increases availability and is adequate for oceanic/remote operation.

(3) Time-to-Alat. Thetime-to-dert for oceanic/remote navigation mode is defined to be a
least 30 seconds, but shal not exceed 5 minutes. RTCA/DO-208 specifies atime-to-aert of 30
seconds, but a higher time-to-adert of 5 minutes increases availability and is adequate for
oceanic/remote operation.

(4) Pogtioning Failure. A positioning failure is defined to occur whenever the difference
between the true position and the output position exceeds the gpplicable horizonta dert limit.

(5) Missed Detection. A missed detection is defined to occur when a positioning failure is not
detected (interna to the FDE dgorithm).

(6) Fase Detection. A fase detection is defined to occur when a positioning failure does not
exig, but afalureis detected (internd to the FDE agorithm).

(7) Wrong Excluson. A wrong excluson is defined to occur when a postioning fallure is
detected and the positioning failure till exigts, but is undetected after exclusion, resulting in amissed
dert.

(8) Missed Alert. Podtioning fallures which are not annunciated (as an dert) within the time-to-
dert are defined to be missed derts. Both missed detection and wrong exclusion conditions are missed
derts.

(9) FdseAlet. A fdsedert isdefined astheindicaion of a postioning falure when a
positioning failure has not occurred.

NOTE: Theterm, false alert, refersto actual alertsthat areissued by
the GPS equipment.

(10) Horizontd Integrity Limit. The horizonta integrity limit (HIL) istheradius of acirdein the
horizonta plane, with its center being at the indicated position, which describes the region which is
assured to contain the true position. It isthe horizonta region for which the missed dert and fase dert
requirements can be met. It isonly afunction of the satellite and user geometry and the expected error
characterigtics: it is not affected by actua measurements. Therefore, thisvaueis predictable.

(12) Availahility of Detection. The detection function is defined to be available when the
congelation of satellites provides a geometry for which the missed dert and fdse dert requirements
can be met on al satdlitesfor the dert limit and time-to-alert. When the constdlation is inadequate to
meet these requirements, the fault detection function is defined to be unavailable. Thusthe availability
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of detection for a specific time, location, and congtdlation is defined to be the product of satellite-
gpecific terms, asfollows:

N

Detection Availability = P D),
i=1

where N = number of satellites used in the sensor,
D(@) =1, if Pr(detection given i~ satellitefailed) > 99.9%
and Pr(fase alert) < 0.002/hour
0, if Pr(detection given i~ satdllite failed) < 99.9%
or Pr(fase alert) > 0.002/hour.

NOTE: For agiven geometry and navigation mode, the detection
function isether available or unavailable. The detection function is
expected to oper ate whenever sufficient measurement redundancy
exists, even when the probability of missed alert cannot be assured for
thealert limit. Therefore, it may operate when the missed detection
rateisgreater than required for thealert limit, but thefalse alert rate
must continue to meet requirements.

(12) Faled Excdusion. A failed excluson is defined to occur when atrue sadlite failureis
detected and the detection condition is not eiminated within the time-to-dert (from the onset of the
positioning falure). A failed exduson results in an annunciation of a detected satdlite falure. A faled
excluson does not imply that the excluson must be correct, only that it iminates the detection condition
and therefore prevents an indication of lass of integrity monitoring. The probability of fase exclusonis
included in the probability of missed dert. In addition, failed excluson of faseinterna detections are
not included, because they are included in the false dert rate.

(13) Avallahility of Excluson. The excluson function is defined to be available when the
congtdlation of satdlites provides a geometry for which the FDE dgorithm can meet the falled exclusion
requirement, and prevent the indication of a positioning failure or aloss of integrity monitoring function.
Therefore, excluson must occur before the duration of a positioning failure exceeds the time-to-aert,
and the detection function as defined above must be available after excluson Note that for agiven
geometry and a given failed satdlite, the success of the exclusion function to prevent an dert condition
(duration of positioning failure exceeds time-to-aert) may be probabiligic. For example: given a
particular excluson agorithm, a satellite geometry, and afaled satelite, the agorithm could have a 99
percent probability of successfully preventing awarning condition. However, the excluson function is
only defined to be avalable if the probability of excluding a satdlite and preventing an dert (given a
satellite failure has occurred and has been detected) satisfies the failed exclusion requirement. Thusthe
availability of excluson for a specific time, location, and congtelation is defined to be:

N

Exdusion AvailailiyP E(i),
i=1
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where N = number of satellites used in the sensor,
E() 1, if Pr(failed exclusion) < 10° given i" satdllite failed,
0, if Pr(failed exclusion) > 10° given i satellite failed.

NOTE: For agiven geometry and navigation mode, the exclusion
function iseither available or unavailable. The excluson function is
expected to oper ate whenever sufficient measurement redundancy
exists, regardless of whether or not it is“available” by the definition
above. Therefore, it may operate when the missed detection rateis
greater than required for the appropriate alert limit, but the false alert
rate must continue to meet requirements.

c. FDE Requirements.

(1) Missed Alert Probability. The probability of missed aert shdl be less than or equa to
0.001 for every geometry and every navigation mode. If this requirement is not met for agiven
geometry, then the detection function is defined to be unavailable for that geometry. This requirement
ison the missed dert rate externd to the GPS equipment. When related to the interna agorithm, it
includes both probabilities of missed detection and false exclusion.

(2) FaseAlet Probability. The probability of fase dert shal be less than or equd
to 0.002/hour. If this requirement is not met for a given geometry, then the detection function is defined
to be unavailable for that geometry. Note thet afase dert rate of 10° is more consistent with the
requirement for loss of navigation. This requirement is relaxed to the RTCA/DO-208 requirement for
oceanic operaions, Snce the duration of the false dert will be short. This requirement ison the false
dert rate externd to the GPS equipment. When related to the interna agorithm, it includes both
probabilities of false detection and the failure to exclude the fal se detection.

(3) Faled Excluson Probability. The probahility of failed excluson shdl be less than or equa
to 10°® for every geometry and every navigation mode for which exdusion isimplemented. Exclusion
must be implemented for the oceanic mode. If this requirement is not met for a given geometry, then the
excluson function is defined to be unavailable for that geometry. This requirement is on the dert rate
externa to the GPS equipment due to failed excluson. It isequivadent to the probability that a
positioning failure is annunciated when a GPS satdllite failure occurs and is detected internally.

(4) For some dgorithms, this probability may be zero in that exclusion is dways conducted
when afalure is detected. However, note that such an agorithm must aso meet the missed detection
requirement above, which includes the probability of false excluson.

d. GPS Standard Assumptions.
(1) Sdective Avalahility. Sdective Avallability (SA) shdl be modded as the sum of:

(a) asecond-order Gauss-Markov process with an auto-correlation time of 120 seconds and
agandard deviation of 23 m, and

Par 3-5 Page 33



AC 90-94A DATE

(b) arandom congtant with normal distribution, a mean of zero and a sandard deviation of
23 m. The SA processes on dl satellites are to be statisticaly independent. When modeling asingle
independent SA sample (for asingle sngpshot or for samples greater than
2 minutes apart), SA can be modeled by a Gaussian random variable with amean of zero and a
gandard deviation of 30.5 m. Note that any additiond errors must be added to thismodel, yielding a
typicd vadue of 33 m.

(2) Sadlite Failure. The probability of asadlite integrity failureis 10* per hour for the GPS
position solution (based on 3 satellite mgor service fallures'year/congtdlation, assuming 8 satellitesin
view). A satdliteintegrity falureis defined to be afallure that can contribute to a hazardoudy
mideading Stuation. For the purpose of testing, a dow-ramp failure of 5 meters/second may be used
as described in RTCA/DO-208, paragraph 2.5.2.5.2.2.

6. STEP DETECTOR REQUIREMENTS,
a. Step Detector.

(1) Theequipment shal detect a pseudorange step error greeter than 1000 meters, including
steps which cause loss of lock for less than 10 seconds. A pseudorange step is defined to be a sudden
change in the measured distance to a satellite. It can be written as:

PRGTEP = | I:)RPREDICTED - I:)RMEASURED |;

where PRerepicTep IS the predicted pseudorange at the time of measurement, based on previous
measurements, and PRyeasurep 1S the pseudorange at the time of the measurement.

(2) If apseudorange step is detected for a satdllite, that satellite shal be excluded from use in
the navigation adgorithm until its integrity can be verified through fault detection (RAIM). The
manufacturer is free to choose any method to caculate the predicted pseudorange. However, any
method used should properly take into account satellite movement and arcraft dynamics up to a
groundspeed of 750 knots (kts) and accelerations up to 14.7 meters/second/second (1.59'9).

7. REQUIREMENTSFOR USING GPSNAVIGATION DATA. Inaddition to monitoring by
using FDE and the step detector, the GPS equipment shall monitor the GPS navigation data to detect
any of the following conditions within 5 minutes of the onset of the condition. Any satdllite which meets
any of the following criteria shdl not be used for navigation for the duration of the condition.

a. Ephemerishedth word in subframe 2 or 3 set to the “not healthy” Sate.

b. Failure of parity on 3 successive words.

c. User range accuracy (URA) of 128 meters or more.
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d. Bit 18 of the hand-over word (HOW) set to 1.

e. Default navigation datais being sent (dternate O'sand I's).
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f. Navigaion dataisal 1's (could inadvertently cause dl satellites to be declared unhedthy).
g. Mismatching issue of data ephemeris (IODE) and issue of data clock (IODC).
8. REQUIREMENTSFOR FDE PREDICTION ALGORITHM.

a. A prediction programis required to support the operational requirement for a predeparture
outage check. This prediction program can be provided on any processing platform (in the GPS
equipment or not), but it must employ an identical FDE agorithm as the one that is utilized in the GPS
equipment.

b. The prediction program must have the cgpability to manualy designate GPS satellites which will
be out of sarvice during the operation. Thiswill include GPS satellites scheduled to go out of service for
maintenance, as well as satdllites already out of service (if the program does not have access to that
information directly through a GPS receiver and the dmanec deta).

c. The prediction program must have the capability for the operator to desgnate aroute, defined by
aseries of waypoints. It must aso alow for designation of a departure time and expected ground
gpeeds. Since specific ground speeds may not be maintained, this pre-flight check will haveto be
performed for arange of ground speeds (expected ground speed +100 ktsin 20 kt increments).
Findly, it mugt alow for the entry of the route pacing, centerline to centerline, on the intended
oceanic/remote route. This information will be used to determine the maximum length of an outage on
the intended route.

d. For theroute that is specified, the program must determine and output a bound for the outage
durations specified below. This bound must be accurate for the complete range of flight times/speeds.
Note that this requirement is not intended to imply that the equipment must dways compute these
parametersin red time. Thisinformation may be precompiled and available via alook-up table within
the equipment. For example, if the maximum worldwide outage with 24 satdllites operating were 30
minutes, then the equipment could use that information as a conservative bound of the actud
performance. Another example is the reduction in the velocity variation computation; if the gpplicant
only computes the boundary conditions, and can prove that the conditions which are evauated truly
are the boundary conditions, then no additiond ca culations would be necessary.

(1) The maximum outage duration of the loss of fault excluson to within 5 minutes. An outage
of excluson is defined to occur when the exclusion function is unavailable.

(2) The maximum outage duration of the cgpability to navigete (provide a podtion solution) to
within 5 minutes

e. If the maximum outage of excluson (in hours) is greater than haf the route spacing (in NM)
divided by 35 or there is an outage of the ability to navigate, the program shal indicate that the operation
should not be conducted.
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f. Thisprogram can be used by the operator for planning purposes, and will be used prior to
departure to determine if GPS has sufficient availability to conduct the operation.

9. PRE-DEPARTURE PROCEDURES. In addition to the equipment performance standards
described above, GPS primary means oceanic/remote operations must be augmented by the following
pre-departure requirements.

a. All operators conducting GPS primary means oceanic/remote operations under part 91 and 14
CFR part 125 and air carrier operations conducted under part 121, 135, and 129 must have accessto
an FAA approved FDE prediction program that is capable of predicting, prior to departure, the
maximum outage duration of the loss of fault excluson, the loss of fault detection and the loss of
navigation function for flight on a specified route.

b. The*"specified route of flight” is defined by a series of waypoints (to include the route to any
required dternates) with the time specified by avelocity or series of velocities. Since specific ground
Speeds may not be maintained, the pre-departure prediction must be performed for the range of
expected ground speeds. This FDE prediction program must use the same FDE agorithm that is
employed by the ingtdled GPS equipment and must be developed using an acceptable software
development methodology (e.g., RTCA/DO-178B). The FDE prediction program must provide the
capability to desgnate manualy satdlites that are scheduled to be unavailable in order to perform the
prediction accurately. The FDE prediction program will be evauated as part of the navigation system’s
ingtdlation goprovd. The requirements for the FDE prediction dgorithm are outlined in this AC.

c. Prior to departure, the operator must use the FDE prediction program to demondtrate thet there
are no outages in the capability to navigate on the specified route of flight (the FDE prediction program
determines whether the GPS congtellation is robust enough to provide a navigation solution for the
specified route of flight). Any predicted outages in the capability to navigate on the specified route of
flight will requires cancdllation, delay, or re-routing of the flight.

d. A faled satdlite does not necessarily cause aloss of navigation function. The GPS equipment
must be capable of detecting and excluding afailed satdlite from the navigation solution. Therefore, It is
possible that there will be no affect on the ability of the equipment to navigate given afalled satellite.
However, If the equipment cannot exclude the failed satellite, then the accuracy of the equipment could
be degraded. In this case, the equipment is required to provide an estimate of podtion uncertainty.

e. Once navigation function is assured (the equipment can navigate on the specified route of flight),
the operator must use the FDE prediction program to demonstrate that the maximum outage of the
capability of the equipment to provide fault exdusonfor the specified route of flight does not exceed the
acceptable duration (fault excluson is the ability to exclude afalled satellite from the navigation solution).
The acceptable duration (in minutes) is equd to the time it would take to exit the protected airgpace
(one-hdf the laterd separation minimum)
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assuming a 35 nautical mile per hour cross-track navigation system error growth rate when starting from
the center of the route. For example, a 60 nautical mile laterd separation minimum yieds 51 minutes
acceptable duration (30 NM divided by 35 NM per hour). If the fault excluson outage exceeds the
acceptable duration, the flight must be canceled, delayed or re-routed.

10. PILOT PROCEDURES. The following pilot procedures should be included in the Operator’s
gppropriate manuas and training programs.

a. Thepilot will report degraded navigation capability to ATC in accordance with section 91.187.
Additiondly, flight crewmembers operating under part 121 and part 135 will notify the appropriate dispatch
facility of any degraded navigation capability in accordance with the air carrier’ s FAA approved
procedures.

b. If the pilot receives an indication of afault detection function outage (RAIM is not available),
navigation integrity must be provided by comparing the GPS position with a position computed by
extrapolating the last verified position with true airgpeed, heading, and estimated winds. If the positions do
not agree to within 10 NM, the pilot should immediately begin using dead reckoning procedures until the
excluson function or navigation integrity is regained.

c. If the pilot receives afault detection dert (faled satellite), the pilot may choose to continue to
operae usng the GPS generated pogition if the current estimate of position uncertainty from the FDE
agorithm is actively monitored. If this number exceeds 10 NM or is not available, the pilot should
immediately begin usng dead reckoning procedures until the falled satellite is excluded.

d. If the pilot receives aloss of navigation function dert, the pilot should immediately begin using
dead reckoning procedures until GPS navigation is regained.
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SECTION 4. AIRBORNE NAVIGATION DATABASES.

1. REQUIREMENT FOR A DATABASE. To conduct IFR operations using GPS equipment to
navigate in the U.S. NAS and oceanic airgpace, the aircraft GPS equipment mugt include an updatable
navigation database. That database will support en route and termina operations; or en route, termind,
and GPS nonprecison ingrument approach operations. The database mugt

be current to fly GPS approaches and to use GPSin lieu of ADF and DME.

a. Geographic Area of Content. Airborne navigation databases contain data covering the
geographic areas where GPS navigation systems have been certified for IFR use. Data may cover large
geographic areas or Small user-defined areas within the U.S. NAS and related oceanic aress.

b. Database Description. GPS airborne navigation databases are provided initidly by the
receiver manufacturer and updated by the manufacturer or adesignated data agency. The databases
contain records of location information by latitude and longitude to a resolution of 0.01 minutes or
better (0.01 seconds for approaches) for the area(s) in which IFR operations are approved. The
database is user selectable which dlows the pilot to make specific sdections during flight operations to
support navigationd needs. The database may dso be user defined in that the information is tailored to
the requirements of a user.

Note: Manual entry/update of data in the navigation database shall not
be possible. Thisrequirement does not prevent the storage of “user-
defined data” within the equipment.

c. Update of Data. Waypoint information is provided and maintained by the Nationa Fight Data
Center (NFDC). The dataistypicaly updated at regular intervas such asthe internationaly agreed
upon Aeronautica Information Regulation and Control (AIRAC) cycle of every 28 days.

d. Geodetic Reference Datum. The GPS equipment derives position information referenced to
the World Geodetic System of 1984 (WGS-84). Databases produced for use in the contiguous United
States, Alaska, and Hawaii contain coordinates of location information referenced to the North
American Datum of 1983 (NAD 83). For this AC, coordinates of locations referenced to NAD 83 are
compatible with the coordinates of the same locations referenced to WGS-84.

2. EN ROUTE (OCEANIC AND DOMESTIC) AND TERMINAL NAVIGATION.

Navigation databases supporting GPS equipment certified for en route (including en route oceanic and en
route domestic) and terminal operations contain, as a minimum, dl airports, VORS, VORTACs, NDBs,
and dl named waypoints and intersections shown on en route and termind area charts, DPs, and

STARs. The databases incorporate information from the geographic areas of the contiguous United
States, Alaska, Hawaii, and surrounding coastal waters including waypoints and intersections for oceanic
flight between the United States and Hawaii. For oceanic flights outside the NAS, user sdlectable datais
available for most GPS receaivers.
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a. Inthetermina area, the database will include waypoints for DP' sand STAR’ s aswell as other
flight operations from the beginning of a departure to the en route structure or from an en route fix to the
beginning of an approach procedure.

b. All named waypoints are identified with afive-letter dpha character name provided by the
NFDC. Waypoints unnamed by the NFDC, such as a DME fix, are assigned a coded name in the
database (refer to the sample approach chartsin Appendix 3).

c. Waypoint latitude and longitude coordinates are typicaly displayed in degrees, minutes, and
tenths of minutes or hundredths of minutes. However, this may vary between equipment manufacturers.

3. INSTRUMENT APPROACH PROCEDURE NAVIGATION. Inaddition to the datawhich
supports en route and terminal operations, a navigation database that supports GPS overlay
nonprecision instrument approaches (except localizer, LDA, and SDF) contains coordinates for the
waypoints, fixes, and NAVAIDs published in 14 CFR part 97, Standard Instrument Approach
Procedures. Specia instrument approach procedure data may be included at the request of those
operators authorized to use the procedures. Datafor gpproach proceduresinto military airports also
may beincluded if the procedures are available, and authorized for civil operations. In addition, all
waypoints to support GPS stand a one approaches are dso contained in the database.

4. THE GPSAPPROACH OVERLAY PROGRAM. The navigation database coding should not
change during any phase of the GPS Approach Overlay Program, except for modifications necessary to
support changing rules and/or technology. Approaches coded into the database are limited to U. S.
arrgpace. Approaches for other airspace will not be included until authorized by the FAA aswell asthe
appropriate sovereign authority. Whether or not an approach isincluded in the database depends on its
codability and flyability usng GPS equipment. Therefore, part 97, military, and speciad approaches are
classfied into codable and noncodable nonprecision instrument approaches.

Note: An aircraft isnot authorized to fly any IFR approach using GPS
unlessthat instrument approach procedureisretrievable from the
manufacturer’ssupplied navigation database.

a. Codable Approach Procedures. The navigation database contains latitude and longitude
coordinates for waypoints, fixes, and NAVAIDs for those part 97 civil use, and military, nonprecison
approaches considered codable for database purposes and considered safe to fly by the FAA using
normd piloting techniques. Specia approaches may be included at authorized user request.

b. Non-Codable Approach Procedures. Certain part 97 nonprecision instrument gpproaches as
well as some military and specid procedures may present an unresolvable coding Stuation relating to
database or equipment interface congtraints. An approach may be determined to be not codable or not
flyable by the regulatory agency having jurisdiction (FAA), by the database coding agency, or by the
manufacturer of the navigation equipment. In addition, some procedures may, in the opinion of the
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FAA, present a potentid safety hazard to norma piloting techniques using GPS equipment. These
procedures will not be included in navigation
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databases. Approach procedures that are omitted from the database can not be legdly flown using
GPS navigation equipment.

c. Waypoints. Asaminimum, the GPS Approach Overlay Program requires that the databases
contain waypoints representing the IAF, FAF, MAP, and the missed approach holding point for each
VOR, VOR/DME, NDB, NDB/DME, TACAN, and RNAV nonprecision instrument gpproach
procedure. Intermediate Fixes (IF s) and dl named fixes are dso included. All waypoints are
displayed in the same sequence as they are presented on the published nonprecision instrument
approach procedure charts.

Note: User modification or entry of data associated with published
instrument approach proceduresis not possible, and not authorized.

(1) Waypoint data utilized in nonprecision instrument gpproach procedures is stored by name
or ident, and latitude and longitude. The waypoints are not designated in terms of bearing (or radia)
and distance to/from areference location.

(2) Waypaintsthat define the MAP and Missed Approach Holding Point (MAHWP) are
always coded as “fly over.” Thistype of waypoint requires the aircraft to pass directly over it.

(3) When turn anticipation is expected a an|AF or other waypoint the waypoint is coded as
“fly by.”

d. Waypoint Names Coded in the Navigation Database. Hying apart 97 or military
nonprecision instrument approach procedure using GPS equipment should be transparent to air traffic
control. Therefore, if apilot has a clearance for the VOR/DME to runway 35, the same track isflown
whether usng GPS equipment or VOR and DME equipment. Therefore, waypoints coded in the
navigation database reflect exactly those names gppearing on the instrument approach procedure. For
example, if an IAF or other fix is assgned a pronouncesble five-letter dpha character name, it will be
the same name coded in the database, the name which will appear on the avionics display, the name
gopearing on achart, and the name verbdly used by ATC. If no five character nameis published for
the gpproach waypoint or fix, it will normally be coded with a database identifier. A pilot must
associ ate the coded name appearing on the display with the position shown on the chart. However,
these coded names may not be known or used by ATC.

(1) Initid Approach Waypoint.
(@ If the lAF isanamed waypoint or fix, then the same nameis used for the IAF
waypoint in the database. If the IAF isaNAVAID, then the |AF waypoint is coded with the
NAVAID identifier.

(b) A database identifier is provided for an unnamed IAF.
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(c) When an IAF isthe beginning of a DME arc segment, the IAF is often unnamed, but is
marked by aradid intersecting the arc. In these cases, the unnamed IAF waypoint is coded in the
database to represent the beginning of the DME arc. An example of one method of identifying the
beginning of the arc is shown in the Lake Charles, LA chart example in Appendix 3.

(2) TurningspointsintheInitid Segment. Aninitid segment may incorporate a named or
unnamed turn point to intercept a course.

(8 In some cases, awaypoint may be established at aturn point where a dead reckoning
heading intersects the course. Thiswaypoint is coded into the waypoint sequence for GPS navigation,
but may not be named on a chart.

(b) A turn point may be defined by the intersection of two NAVAID radids or bearings.
In this case, awaypoint name appears in the sequence.

(3) Intermediate Waypoaint. If the IF isanamed waypoint or fix, then the same name is used
for the IF waypoint in the database. If the IFisaNAVAID, the IF waypoint is coded with the
NAVAID identifier. An unnamed IF isassigned a database identifier.

(4) Fina Approach Waypoint.

(& Procedures With aFina Approach Fix (FAF). If the FAF isanamed waypoint or fix,
the same name is used for the FAF waypoint in the database sequence. If the FAFisaNAVAID, the
waypoint is coded with the NAVAID identifier in the waypoint sequence. An unnamed FAF, suchasa
DME fix, is coded with a descriptive FAF waypoint related to the NAVAID providing find gpproach
course guidance. It also appears in the waypoint sequence.

(b) Procedures Without aFinal Approach Fix. Procedures without a FAF and without a
stepdown fix have a Sensor FAF waypoint coded in the database at least 4 NM dong track distance
(ATD) to the MAP waypoint. The MAP, inthis casg, isaways located a the NAVAID fadlity. A
Sensor FAF isafina approach waypoint created and added to the database sequence of waypoints to
support GPS navigation of an FAA published, no-FAF, nonprecision instrument approach procedure.
The coded name or Sensor FAF appears in the waypoint sequence. If a stepdown fix exists on the
published procedure and it is greater than 2 NM to the MAP, the stepdown fix is coded in the database
as the Sensor FAF waypoint for the waypoint sequence. If a stepdown fix distanceis2 NM or lessto
the MAP, a Sensor FAF waypoint is coded at least 4 NM to the MAP.

(5) Missed Approach Waypoint. When amissed gpproach point islocated a the NAVAID, the
MAP waypoint is coded in the sequence at the NAVAID postion usng the NAVAID identifier. When the
missed gpproach isinitiated near the runway threshold (timed gpproach) or at a specified DME distance
fromaNAVAID, aMAP waypoint is created and coded in the database (see approach chartsin Appendix
3).
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(6) Missed Approach Holding Points. Missed approach holding points are normdly at a
NAVAID or named fix. Therefore, the NAVAID identifier or the fix name is coded in the database as
the missed gpproach holding waypoint and appears in the waypoint sequence.

(7) Waypoints and Fixes not Coded for the GPS Approach Overlay Program. A Visud
Descent Point (VDP) isafix appearing on some published nonprecision approach procedures that is
not included in the sequence of waypoints. Filots are expected to use norma piloting techniques for
beginning the visud descent. In addition, unnamed stepdown fixes in the fina approach segment will not
be coded in the waypoint sequence unless the stepdown fix is used as a Sensor FAF on ano-FAF
procedure.

e. Approach Selection Process’Menu Sluing. Filots normaly retrieve instrument gpproach
procedures from the database through a menu selection process. An example of amenu sdection is
included in the Pilot Operations/Procedures section. No manua waypoint loading will be required or
alowed, athough some pilot action is required during certain segments of the approach.

Note: This process may vary from one avionics manufacturer to
another; therefore, pilots must be thoroughly familiar with the FAA
Approved Flight Manual or Flight Manual supplement.

f. Waypoint Sequence. The sequence of waypointsin the database and those displayed by the
equipment will congst of, as aminimum, waypoints representing the sdected |AF and its associated 1Fs
(when applicable), FAF, MAP, and the MAHWP.

g. Relationship of Avionics Displayed Waypointsto Charted Data. The GPS Approach
Overlay Program waypoints contained in the database represent the waypoaints, fixes, NAVAIDs, and
other points portrayed on a published approach procedure beginning at the initid approach fix. Certain
unnamed points and fixes gppearing on a chart are assigned a database identifier. Although there
currently is no requirement to provide these database identifiers, most charting agencies are publishing
them at their discretion. The NOS will begin publishing these fixes on overlay approach chartsin early
1999.

Note: Databaseidentifiersshould not be used for pilot/controller
communicationsor on flight plans.

h. Differences Between Displayed and Charted Navigation Information. There may be dight
differences between the navigation information portrayed on the chart and the GPS navigation display.
Course differences will occur due to an equipment manufacturer’s gpplication of magnetic variation.
Digtance differences will occur due to the mismatch between GPS (dong track distance) ATD vaues and
the DME vaues published on underlying procedures.
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SECTION 5. PILOT OPERATIONSPROCEDURES.

1. APPLICABILITY. Theguidance provided in this AC gpplies to insrument rated pilots usng
GPS and operating under part 91. PFilots conducting GPS IFR operations under parts 121, 129, and
135 should meet the appropriate provisions of their gpproved operations specifications.

2. GENERAL. All GPSIFR operations should be conducted in accordance with the FAA Approved
Fight Manua (AFM) or Hight Manua Supplement. Prior to an IFR flight usng GPS, the pilot should
ensure that the GPS equipment and the ingtdlation are gpproved and certified for the intended IFR
operation. The equipment should be operated in accordance with the provisons of the gpplicable
AFM. All pilots must be thoroughly familiar with the GPS equipment indadled in the aircraft and its
limitations.

a. Pogtion Orientation. Aswith most RNAV systems, pilots should pay particular attention to
position orientation while usng GPS. Distance and track information are provided to the next active
waypoaint, not to afixed navigation aid. Receivers may sequence when the pilot is not flying dong an
active route, such as when being vectored or deviating for wesather, due to the proximity to another
waypoint in the route. This can be prevented by placing the receiver in the nonsequencing mode. When
the receiver isin the nonsegquencing mode, bearing and distance are provided to the sdected waypoint
and the receiver will not sequence to the next waypoint in the route until placed back in the auto-
sequence mode or the pilot selects a different waypoint. On overlay gpproaches, the pilot may have to
compute the along track distance to stepdown fixes and other points due to the receiver showing aong
track distance to the next waypoint rather than DME to the VOR or ILS ground station.

b. Conventional Versus GPS Navigation Data. There may be dight differences between the
heading information portrayed on navigationd charts and the GPS navigation display when flying an
overlay gpproach or dong an airway. All magnetic tracks defined by aVOR radia are determined by
the gpplication of magnetic variation at the VOR; however, GPS operations may use an adgorithm to
apply the magnetic variation & the current position, which may produce smal differencesin the
displayed course. Both operations should produce the same desired ground track. Due to the use of
great circle courses, and the variations in magnetic variation, the bearing to the next waypoint and the
course from the last waypoint (if available) may not be exactly 180 degrees apart when long distances
areinvolved. Variationsin distances will occur since GPS distance-to-waypoint vaues are along track
(gtraight-line) distances (ATD) computed to the next waypoint and the DME vaues published on
underlying procedures are dant range distances measured to the sation. This difference increases with
arcraft atitude and proximity to the NAVAID.

c. GPSNOTAM’gAeronautical Information. GPS satellite outages are issued as GPS
NOTAM'’s both domestically and internationaly. However, the effect of an outage on the intended
operation cannot be determined unless the pilot hasa RAIM availability prediction program which
alows excluding a satdlite which is predicted to be out of service based on the NOTAM information.

(1) Civilian pilots may obtain GPS RAIM availability information for nonprecision approach
procedures by specificaly requesting GPS aeronauticd information from an Automated Flight Service
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Station during preflight briefings. GPS RAIM agronautical information can be obtained for a period of 3
hours (ETA hour and 1 hour beforeto 1 hour after the ETA hour) or a 24 hour timeframe at a
particular airport. FAA brieferswill provide RAIM information for a period of 1 hour before to 1 hour
after the ETA, unless a specific time frame is requested by the pilot. If flying a published GPS
departure, a RAIM prediction should aso be requested for the departure airport.

(2) Themilitary provides airfield specific GPS RAIM NOTAM’sfor nonprecision approach
procedures at military airfields. The RAIM outages are issued as M-series NOTAM’ s and may be
obtained for up to 24 hours from the time of request.

d. Recelver Autonomous Integrity Monitoring (RAIM). RAIM outages may occur dueto an
insufficient number of satellites or due to unsuitable satdlite geometry which causes the error in the
position solution to becometoo large. Loss of satllite reception and RAIM warnings may occur due to
arcraft dynamics (changesin pitch or bank angle). Antennalocation on the aircraft, satellite postion
relative to the horizon, and aircraft attitude may affect reception of one or more satellites. Sincethe
relative pogtions of the satellites are congtantly changing, prior experience with the airport does not
guarantee reception at al times, and RAIM availability should dways be checked.

(1) If RAIM isnot available, another type of navigation and approach system must be used,
another destination selected, or the trip delayed until RAIM is predicted to be available on arrival.

(2) Onlonger flights, pilots should consder rechecking the RAIM prediction for the destination
during the flight. Thismay provide early indications that an unscheduled satellite outage has occurred
since takeoff.

3. PREFLIGHT. The pilot should follow the specific sart-up and saf-test procedures for the GPS
receiver asoutlined in the FAA AFM or Hight Manua Supplement.

a. Prior to any GPS IFR operation, the pilot should review the appropricte NOTAM’s.
NOTAM’swill be issued to announce outages for pecific GPS satdllite vehicles, by pseudo random
noise (PRN) number and satellite vehicle number (SVYN). GPSNOTAM'’ s areissued under the
identifier “GPS’. Rilots may obtain GPS NOTAM information by request to the FSS briefer or by
requesting NOTAM’s, using the identifier “GPS”, through the Direct User Access Termina System
(DUATS). Pilots should review the NOTAM' sfor the underlying approach procedure. When
executing an Overlay Approach which requires operative ground NAVAID(S), one without the * or
GPS’ nomenclature in thetitle of the approach, pilots should ensure the ground- based facilities upon
which the approach is based are operationa. 1f an approach is not authorized due to an inoperative
navigation facility, the associated GPS gpproach is not authorized.

b. Aircraft that are navigating by GPS are considered to be RNAV-equipped aircraft and the
gppropriate equipment suffix should be included in the ATC flight plan.
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Most GPS equipment would fileasa/G. Users should consult the latest edition of the Airmen's
Information Manua (AIM) for the proper equipment suffix. If the GPS avionics becomesinoperdtive,
the pilot should advise ATC and amend the equipment suffix.

4. DEPARTURESAND INSTRUMENT DEPARTURE PROCEDURES (DP's).

a. The GPS receiver must be set to terminal (1 NM) course deviation indicator (CDI) sengitivity
(or confirmed that the recelver has automatically set it) and the navigation routes must be contained in the
data base in order to fly published IFR charted departuresand DP's. For FMS equipped aircraft
without the capability of manudly setting the CDI the departure must be flown with aflight director.
Termind RAIM should be automatically provided by the receiver.

Note: Terminal RAIM for departure may not be available unlessthe
waypoints are part of the active flight plan rather than proceeding direct
tothefirst destination.

b. Certain ssgments of a DP may require some manud intervention by the pilot, especialy when
radar vectored to a course or required to intercept a specific course to awaypoint. The data base may
not contain al of the trandtions or departures from al runways and some GPS receivers do not contain
DP sin the data base. Helicopter-only GPS departure procedures are to be flown at 70 knots or less
snce turning areas and segment lengths are based on this speed.

5. ENROUTE DOMESTIC OPERATIONS. Domestic en route operations are defined as that
phase of flight between departure and arriva termina phases, with departure and arriva points within
the U.S. NAS. Termina area operationsinclude those flight phases conducted on charted Instrument
Departure Procedures (DP' s), on Standard Terminal Arrival Routes (STAR'S), or during other flight
operations between the lagt en route fix/waypoint and an initia approach fix/waypoint. Thefollowing
criteriagpplies:

a. Navigation equipment should be ingtalled and operationd to receive the intended ground-
basad facilities which define the route to be flown to the destination and any required dternate.

b. Ground-basad facilities which define these routes must also be operationd.

c. Aircraft should be equipped with an gpproved and operationd aternate means of navigation
appropriate to the route being flown. This navigation equipment must be operaiond, but it does not
have to be actively monitored unless the RAIM capability of the system fails. The purpose of these
backup systemsisto ensure that the aircraft can continue to the destination if something unforeseen
occurs to the avionics or GPS congelation.

6. TERMINAL OPERATIONS. GPS equipment may be used to fly al codable nonprecison
instrument approach procedures, except locdizer (LOC), locdizer directiona aid (LDA), and smplified
directiona facility (SDF) approach procedures. Any required dternate airport should have an
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approved instrument approach procedure (other than GPS or LORAN-C) which is anticipated to be
operationd at the estimated time of arriva.

a. GPS Approach Criteria. For the Approach Overlay Program, civil aircraft are not authorized
to use GPSto fly any segment of any instrument approach under IFR westher conditions unlessthe
fallowing criteriaare met:

(1) The GPS avionics used to fly any nonprecision instrument approach must be certified to
TSO-C129 or equivaent criteria Theingalation in the aircraft should be in accordance with AC 20-
138 and the provisions of the gpplicable Approved Hight Manua (AFM) or Hight Manuad supplement
should be met.

(2) Theairborne navigation database should contain al waypoints for the published
nonprecision gpproachesto be flown. Theuseof TSO-C129 GPS equipment is not authorized for
LOC, LDA, and SDF approaches.

(3) The approach cannot be flown unless that instrument gpproach is retrievable from the
avionics database. Some approach procedures are not included in the database due to safety reasons
or noncodability. It isthe responshbility of the pilot to determine if the intended approach procedure is
in the database.

(4) The GPS avionics should store dl waypoints depicted in the approach to be flown, and
present them in the same as the published nonprecision instrument approach procedure chart.

(5) Approaches mug be flown in accordance with the FAA AFM or Hight Manua
Supplement and the procedure depicted on the appropriate instrument approach chart.

(6) Any required dternate airport should have an agpproved instrument approach procedure,
other than GPS or LORAN-C, which is anticipated to be operationd at the estimated arrivd time. The
arcraft should have the appropriate avionics ingaled and operationd to receive the navigationa aids.
The pilot is responsgble for checking NOTAM'’ s to determine the operationd status of the dternate
arport navigationd ads.

(7) The generd approva to use GPSto fly overlay indrument goproachesisinitidly limited to
the U.S. Nationd Airgpace System (NAYS). GPS instrument gpproach operations outside the United
States dso should be authorized by the appropriate sovereign authority.

b. RAIM Considerations. The pilot must select the appropriate airport(s), runway/approach
procedure, and initid gpproach fix on the aircraft’s GPS receiver to determine RAIM integrity for that
gpproach. Air Traffic Control speciaigts are not provided any information about the operationa
integrity of the sysem. Thisis especidly important when the pilot has been “Cleared for the
Approach.” Procedures should be established by the pilot in the event that GPS navigation outages
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are predicted or occur. 1n these stuations, the pilot should rely on other approved equipment, delay
departure, or cancel the flight.

(1) If aRAIM failure/status annunciation occursprior to the final approach waypoint
(FAWP), the approach should not be completed since GPS may no longer providetherequired
accuracy. Thereceiver performsaRAIM prediction by 2 NM prior to the
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FAWP to ensure that RAIM is available a the FAWP as a condition for entering the gpproach mode.
The pilot should ensurethat the receiver has sequenced from “Armed” to “ Approach” prior to
the FAWP (normally occurs 2 NM prior). Failure to sequence may be an indication of the detection of
asatdlite anomaly, falure to arm the receiver (if required), or other problems which preclude
completing the gpproach.

(2) If the recaiver does not sequence into the approach mode or aRAIM failure/status
annunciation occurs prior to the FAWP, the pilot should not descend to MDA, but should proceed to
the missed approach waypoint (MAWP) viathe FAWP, perform a missed approach, and contact ATC
as soon as practical. Refer to the receiver operating manuad for specific indications and ingtructions
associated with loss of RAIM prior to the FAF.

(3) If aRAIM failure occurs after the FAWP, the receiver is dlowed to continue operating
without an annunciation for up to 5 minutes to allow completion of the gpproach (see receiver operating
manud). 1f the RAIM flag/status annunciation appear s after the FAWP, the missed appr oach
should be executed immediately.

c. Flying GPS Approaches. Usudly, flying a GPS Overlay nonprecision instrument approach
procedureisidenticd to atraditiona gpproach. The differences include the navigationa information
displayed on the GPS equipment and the terminology used to describe some of the features. Hying the
GPS stand done approach is normaly point to point navigation and independent of any ground based
NAVAIDs. Appendix 3 contains sample charts with a brief explanation of how pilot operations are
affected by each of these types of GPS approach operations. Proper gpproach planning and a sound
knowledge of the onboard GPS avionics cgpabiilities and limitations are critica to a safe operation.
Because GPS receivers vary widely in their respective presentations and operation, the following
guidance is generic in nature but should prove vauable for pilots who choose to fly GPS gpproaches.

(1) Determining which areaof the TAA the arcraft will enter when flying a“T” withaTAA
must be accomplished using the bearing and distance to the IF (IAF). Thisismogt critical when entering
the TAA in the vicinity of the extended runway centerline and determining whether you will be entering
theright or left base area. Onceingdethe TAA, dl sectors and stepdowns are based on the bearing
and distance to the IAF for that area, which the aircraft should be proceeding direct to at that time,
unless on vectors. (See Figure 2-1 and Figure 2-2.)

(2) Rlotsshould fly the full approach from an Initid Approach Waypoint (IAWP) or feeder fix
unless specificdly cleared otherwise. Randomly joining an approach a an intermediate fix does not
assure terrain clearance.

(3) When an gpproach has been loaded in the flight plan, GPS recelvers, which require manua
arming, will give an “arm” annunciaion 30 NM draight line distance from the airport/heliport reference
point. PFilots should arm the gpproach mode at thistime, if it has not aready been armed (some
receivers arm automaticaly). Without arming, the receiver will not change from en route CDI and
RAIM sengtivity of £5 NM ether Sde of centerlineto +1 NM termind sengitivity. Where the IAWP
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isingde this 30 mile point, a CDI sensitivity change will occur once the gpproach mode is armed and
the arcraft isinsgde 30 NM. Wherethe IAWP is beyond 30 NM from the airport/heliport reference
point, CDI sengtivity may not change until the aircraft is within 30 miles of the airport/hdiport reference
point even if the gpproach isarmed earlier. Obstacle clearanceis predicated on the receiver being in
termind (x1 NM) CDI senstivity and RAIM at the IAWP or within 30 NM of the airport/heliport
reference point, whichever occurs last.

(4) The pilot must be aware of what bank angle/turn rate the particular receiver usesto
compute turn anticipation, and whether wind and airspeed are included in the recelver’ s calculations.
Thisinformation should be in the recelver operating manua. Over or under banking the turn onto the
final gpproach course may sgnificantly delay getting on course and may result in high descent ratesto
achieve the next segment dtitude.

(5) Whenwithin 2 NM of the FAWP with the approach mode armed, the approach mode will
switch to active, which resultsin RAIM changing to gpproach sengtivity and achangein CDI sengtivity.
Beginning 2 NM prior to the FAWP, the full scale CDI sengtivity will smoothly change from £1 NM, to
+0.3 NM at the FAWP. As senstivity changesfrom +1 NM to £0.3 NM approaching the FAWP,
with the CDI not centered, the corresponding increase in CDI displacement may give theimpresson
that the aircraft is moving further away from the intended course even though it is on an accepteble
intercept heading. Referencing the digita track diplacement information (crosstrack error), if it is
available in the gpproach mode, may help the pilot remain position oriented in this Stuation. Being
edtablished on the find gpproach course prior to the beginning of the sengtivity change at 2 NM will
help prevent problems in interpreting the CDI display during ramp down. Therefore, requesting or
accepting vectors which will cause the aircraft to intercept the fina approach course within 2 NM of the
FAWP is not recommended.

(6) When receiving vectorsto final, most recaeiver operating manuas suggest placing the
receiver in the nonsequencing mode on the FAWP and manually setting the course. This provides an
extended fina gpproach coursein cases where the aircraft is vectored onto the final approach course
outsde of any exigting segment which is aigned with the runway. Assgned dtitudes must be maintained
until established on a published segment of the approach. Required dtitudes a waypoints outsde the
FAWP or stepdown fixes must be considered. Calculating the distance to the FAWP may be required
in order to descend at the proper location.

(7) Overriding an automaticaly selected sengtivity during an approach will cance the approach
mode annunciation. If the gpproach mode is not armed by 2 NM prior to the FAWP, the approach
mode will not become active a 2 NM prior to the FAWP, and the equipment will flag. Inthese
conditions, the RAIM and CDI sengtivity will not ramp down, and the pilot should not descend to
MDA, but fly to the MAWP and execute amissed gpproach. The approach active annunciator and/or
the receiver should be checked to ensure the approach mode is active prior to the FAWP.

(8) Do not attempt to fly an gpproach unless the procedure is contained in the current GPS
database. Flying point to point on the gpproach does not assure compliance with the
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published gpproach procedure. The proper RAIM sengtivity will not be available and the CDI
sengtivity will not automaticaly changeto £0.3 NM. Manudly setting CDI sensitivity does not
automaticaly change the RAIM sengtivity on somereceivers. Some existing nonprecision gpproach
procedures cannot be coded for use with GPS and will not be available as overlays.

(9) Pilots should pay particular atention to the exact operation of their GPS receivers for
performing holding patterns and in the case of overlay approaches, operations such as procedure turns.
These procedures may require manud intervention by the pilot to stop the sequencing of waypoints by the
receiver and to resume automeatic GPS navigation sequencing once the maneuver is complete. The same
waypoint may appear in the route of flight more than once (e.g., IAWP, FAWP, MAHWP on a procedure
turn). Care must be exercised to ensure that the receiver is sequenced to the appropriate waypoint for the
segment of the procedure being flown, especidly if one or more fly-overs are skipped (e.g., FAWP rather
than IAWP if the procedure turn is not flown). The pilot may have to sequence past one or more fly-overs
of the same waypoint in order to start GPS automatic sequencing &t the proper place in the sequence of

waypoints.

(20) Incorrect inputsinto the GPS receiver are especialy critical during gpproaches. In some
cases, an incorrect entry can cause the receiver to leave the approach mode.

(12) A fix on an overlay gpproach identified by a DME fix will not be in the waypoint sequence
on the GPS recelver unlessthereis a published name assgned to it. When anameis assgned, the dong
track to the waypoint may be zero rather than the DME stated on the approach chart. The pilot should
be dert for this on any overlay procedure where the origina gpproach used DME.

(12) If avisud descent point (VDP) is published, it will not be included in the sequence of
waypoints. Pilots are expected to use norma piloting techniques for beginning the visua descent. In
addition, unnamed step-down fixes in the find gpproach segment will not be coded in the waypoint
sequence and must be identified usng ATD.

(13) Straght line (TO-TO) flight from waypoint to waypoint, as sequenced in the database,
does not assure compliance with the published approach procedure. Should differences between the
approach chart and database arise, the published approach chart, supplemented by NOTAM'’s, holds
precedence.

d. Initial Approach Segments. Thefollowing are some of the unique characteristics a pilot
should be aware of during the initia gpproach segment of a nonprecison GPS approach.

(1) Arc Procedures. Arc procedures will only be encountered with overlay approaches. The
method for navigating on arcs may vary with the manufacturer and pilots should use the procedures
specified in the applicable AFM. It is not uncommon for an aircraft to be vectored onto the arc by
ATC a apoint other than the IAF for the arc. 1n these cases, the pilot should manually sequence the
waypoints to the arc segment of the approach.
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(2) Course Reversa Procedure. When performing a course reversal, such as a procedure turn
or holding pattern in lieu of a procedure turn, the GPS equipment provides the cgpability for the pilot to
change from the automatic waypoint sequencing to manud. The course reversd is flown using norma
piloting techniques. The reversal and the return to automatic sequencing should be completed when
established inbound on the find approach course to, but outside of the active waypoint.

Note: Themethod or procedure used to switch the equipment from
automatic sequencing to manual may vary between manufacturers.
Pilots should use the procedur e specified in the applicable AFM.

(3) TurnPointsin theInitid Segment. In some cases, aturn point isincorporated in the initid
approach segment.

Note: It isimportant to recognizethat the turn point may be either a
named or coded waypoint.

e. Final Approach Segment. Thefollowing are some of the unique characterigics a pilot should
be aware of during the final gpproach segment of a nonprecison GPS approach:

(1) Fina Approach Fix (FAF) - Overlay Approach. In the Approach Overlay Program, the
GPS equipment may display a FAF waypoint not depicted on the gpproach chart. Procedures without a
FAF and without a stepdown fix have a sensor FAF waypoint coded in the database. This sensor FAF
waypoint isa least 4 NM to the MAP waypoint. In this case, the MAP waypoint is ways located at
the NAVAID facility. If astepdown fix exists on the published procedure thet is grester than 2 NM to
the MAP, the stepdown fix becomes the sensor FAF waypoint. If astepdown fix is2 NM or lessto the
MAP, a sensor FAF waypoint is established 4 NM to the MAP. The sensor FAF is hecessary to
trangtion the display sengtivity on the GPS equipment from termind to gpproach sengtivity. During
communications with ATC, the pilot should make position reports based on charted positions, not the
display on the GPS equipment, since the controller does not have access to thisinformation. Examples
of these Stuations are shown in the sample chartsin Appendix 3.

(2) Find Approach Waypoint - GPS Stand Alone Approach. The fina approach waypoint for
a GPS stand adone gpproach will be a standard named waypoint normally located 5 NM from the
runway end.

(3) Course Sengtivity. The Course Deviation Indicator (CDI) senstivity related to GPS
equipment varies with the mode of operation. 1n the en route phase, prior to the execution of the
indrument approach, the display sengitivity full scale deflection is5 NM either side of centerline.

(& Upon activation of the terminal mode, the display sengtivity trangtions from afull scde
deflection of 5NM to 1 NM either side of centerline,
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(b) Atadistance of 2 NM inbound to the FAF waypoint, the display sensitivity beginsto
trangtion to afull scale deflection of 0.3 NM either Sde of centerline. Some GPS avionics may provide
an angular digplay between the FAF and MAP that approximates the course senstivity of the locaizer
portion of an ILS.

() When navigetion to the missed gpproach is activated, the display sengtivity trangtions
to provide afull scale deflection of one nautical mile either Sde of centerline.

(4) Stepdown Fixes. A stepdown fix isflown in the same manner as a ground- based
approach. Stepdown fixes on overlay approaches will not be identified with awaypoint unlessit is
named by the FAA. An unnamed stepdown fix will not appear in the database sequence of waypoints.
Pilots should be aware that the distance readout in the GPS display equates to the distance-to-go to
the active waypoint. If the sepdown fix has not been assigned awaypoint name in the database (for
overlay approach stepdown fixes), the distance-to-go readout may not correspond to the DME
distance of the stepdown fix shown on the published gpproach chart. The pilot should monitor the dong
track distance (ATD) to the MAP to identify the stepdown fix. For stand alone GPS procedures, any
required stepdown fixes prior to the missed approach waypoint will be identified by adong track
distances.

Note: An approach fix identified by a DM E will not be displayed on the
GPSreceiver unlessthereis a published name assigned to the DME fix.
If thefix isnot assigned a waypoint name, the distance-to-go ATD
displayed on the GPS receiver may not agree with the approach chart
DME reference distance.

f. GPSMissed Approaches. A GPS missed gpproach requires pilot action to sequence the receiver
past the MAWP to the missed approach portion of the procedure. The pilot must be thoroughly familiar
with the activation procedure for the particular GPS receiver ingdled in the aircraft and mudt initiate
appropriate action after the MAWP. Activating the missed gpproach prior to the MAWP will cause
CDI sengtivity to immediaidy change to termind (£1 NM) sengtivity and the receiver will continue to
navigate to the MAWP. The recelver will not sequence past the MAWRP. Turns should not begin prior to
the MAWP. If the missed gpproach is not activated, the GPS receiver will display an extension of the
inbound final gpproach course and the ATD will increase from the MAWP until it is manually sequenced
after crossing the MAWP.

(1) Missed gpproach routings in which the firgt track is via a course rather than direct to the
next waypoint require additional action by the pilot to set the course. Being familiar with dl of the
inputs required is especidly critica during this phase of flight.

(2) The MAP waypoint on an overlay approach may be located at the runway threshold, the
underlying facility, or & a specified distance from the runway or facility. There may be adifference
between the dong track countdown to the waypoint in the GPS equipment and the DME distance from
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afacility shown on the chart. Filots need to take into account any differences when interpreting the
distance shown in the GPS digplay againg the charted values.

(3) After passing the missed gpproach point, the GPS equipment will not autometicaly
sequence to the missed gpproach holding waypoint. When initiating a missed approach the pilot, upon
passing the MAP, should manually sequence the GPS equipment to the next active waypoint. Thismay
not necessarily be a missad gpproach holding waypoint, but may be aturn waypoint en route to the
missed approach holding waypoint. The missed approach should be flown as charted using the same
piloting techniques as a traditional missed approach.

0. Selected Pilot Operations. Using GPS to conduct instrument procedures requires that a pilot
has a thorough knowledge of the specific avionics ingtaled on the aircraft and knowledge of the
procedura sequence involved with flying a specific gpproach. Appendix 3 contains specific examples
of GPS approaches and the pilot procedures that should be followed in order to successfully complete
them.
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APPENDIX 1 — DEFINITIONS

Active Waypoint The waypoint to/from which the navigationd guidanceis being
provided.

Along Track Digance (ATD) Fix A digancein NM to the active waypoint ong the specified
track. An ATD fix will not be used where a course changeis
made.

Class |l Navigation Any en route flight operation or portion of an en route operation
(irrespective of the means of navigation) which takes place
outside (beyond) the designated Operationa Service Volume of
the Internationa Civil Aviation Organization (ICAO) standard
arway navigation facilities (VOR, VOR/DME, NDB).

Course Set Guidance st from information provided by area navigation
(RNAV) equipment that assgts the pilot in navigating to or from
an active waypoint on a heading/bearing.

Data Agency An agency, public or private, other than a publisher of
government source documents, who compiles officid document
information into charts or eectronic formats for cockpit use.

Dead Reckoning (DR) The navigation of an arrplane soldly by means of computations
based on airspeed, course, heading, wind direction and speed,
ground speed, and elapsed time.

Direct To A method used with RNAV equipment to provide the necessary
course from present position directly to a selected waypoint. This
is not the cour se from waypoint to waypoint.

En Route Domestic The phase of flight between departure and arriva termind phases,
with departure and/or arrival points within the U.S. Nationd
Airspace System (NAS).

En Route Oceanic The phase of flight between the departure and arriva termind
phases, with an extended flight route over the high sees.

En Route Operations The phase of navigation covering operations between departure

and arriva termind phases. The en route phase of navigation has
two subcategories:. en route domestic and en route oceanic.

Fault Detection and Excluson Equipment capability to detect a satellite failure which effects
(FDE) navigation and the subsequent automatic excluson of that satellite
from the navigation solution.

Hy-By Waypoint A waypoint that permits turn anticipation and does not require the
arcraft to pass directly over it. Obstacle clearanceis based on
turning prior to the waypoint.

Hy-Over Waypoint A waypoint that requires the aircraft to pass directly over it.
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Geodetic Datum The numerica or geometrical quantity or set of such quantities
(mathematica modd) which serves as a reference for computing
other quantitiesin a specific geographic region such asthe latitude
and longitude of apoint.

Globa Navigation Satellite Sysems  An “umbrdla” term adopted by ICAO to encompass any
(GNSS) independent satdlite navigation system used by apilot to perform
onboard position determinations from the satdllite data.

Globd Podtioning System (GPS) A U.S. space-based positioning, velocity, and time system
composed of space, control, and user dements. The space
element, when fully operationd, will be composed of

24 sadlitesin Sx orbital planes. The control dement conssts of
five monitor stations, three ground antennas and a master control
dation. The user dement congsts of antennas and receiver-
processors that provide positioning, velocity, and precise timing
to the user.

Instrument Approach Waypoints Geographicd postions, specified in latitude/longitude used in
defining GPS ingtrument approach procedures, including the initia
approach waypoint, the intermediate waypoint, the find gpproach
waypoint, the missed gpproach waypoint, and the missed
approach holding waypoint.

Integrity The probability that a system will provide accurate navigetion as
Specified or timely warnings to users when GPS data should not
be used for navigation.

Nationa Airgpace System (NAS)  The common network of U.S. airspace; air navigation facilities,
equipment and services, arport or landing areas, aeronautical
charts, information and services; rules, regulations and
procedures, technical information, and manpower and materiel.
Included are system components shared jointly with the military.

Nonprecision Approach Those flight phases conducted on charted Standard I nstrument

Operdtions Approach Procedures (SIAP’s) commencing & theinitid
approach fix and concluding a the missed gpproach point or the
missed approach holding point, as appropriate.

Oceanic Airspace Airspace over the oceans of the world, considered international
alrspace, where oceanic separation and procedures per ICAO
are gpplied. Respongbility for the provisons of air traffic control
sarvicein this airgpace is delegated to various countries, based
generdly upon geographic proximity and the availability of the
required resources.
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Primary Means Navigation System

A navigation system approved for a given operation or phase of
flight that must meet accuracy and integrity requirements, but need
not meet full availability and continuity of service requirements.
Safety isachieved by limiting flights to pecific time periods and
through appropriate procedurd redtrictions. Note- Thereisno
requirement to have a sole-means navigation system on board to
support a primary-means system.

Pseudo- Range

The determination of pogition, or the obtaining of information
relaing to pogtion, for the purposes of navigation by means of the
propagation properties of radio waves. The distance from the
user to asatellite plus an unknown user clock offset distance.
With four satdllite Sgndsit is possible to compute position and
clock offset distance.

Recalver Autonomous I ntegrity
Monitoring (RAIM)

A technique whereby a civil GPS recelver/processor determines
the integrity of the GPS navigation sgnds usng only GPS sgnas
or GPS sgnds augmented with dtitude. Thisdetermination is
achieved by a consstency check among redundant pseudo-range
measurements. At least one satdllite in addition to those required
for navigation must be in view for the receiver to perform the
RAIM function.

Secondary Sensor

Any input from other aircraft systems that may be used to derive
navigation information.

Sdective Availability (SA)

A method by which the DOD can atificidly creste asgnificant
time and positioning error in the satdllites. Thisfeature is designed
to deny an enemy the use of precise GPS positioning data.

Sensor FAF

A fina approach waypoint creasted and added to the database
sequence of waypoints to support GPS navigation of an FAA
published, no-FAF, nonprecision instrument approach procedure.

Supplemental Means Navigation
System

Termina Area Operations

A navigation system that must be used in conjunction with a sole-
means navigation system. Approva for supplemental-meansfor a
given phase of flight requires that a sole- means navigation sysem
for that phase of flight must be on board. Amongst the navigation
system performance requirements for a given operation or phase
of flight, a supplementa-means navigation system must meet the
accuracy and integrity requirements for that operation or phase of
flight; there is no requirement to meet availability and continuity
requirements. Note - Operationally, while accuracy and integrity
requirements are being met, a supplementa- means system can be
used without any cross-check with the sole-means sysem. Any
navigation system gpproved for supplementa-means could
involve one (sand-doneingdlation) or severd sensors, possibly
of different types (multi- sensor ingtdlation).

Those flight phases conducted on charted Instrument Departure
Procedures (DP's), on Standard Termind Arrival Routes
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(STAR's), or other flight operations between the last en route
fix/waypoint and theinitid approach fix/waypoint.

TO-FROM Navigation

RNAYV equipment in which the desired path over the ground is
defined as a specific (input quantity) course emanating elther to or
from a particular waypoint. The equipment functionslike a
conventional VOR recelver where the course deviation indicator
(CDI) needle and the “to/from” indicator responds to movement
of the omni bearing selector (OBS). In this equipment, the
arcraft may fly ether TO or FROM any single designated

waypoint.

TO-TO Navigation

RNAV equipment in which a path is computed that connects two
waypoints. In this equipment, two waypoints must dways be
avalable, and the aircraft is usudly flying between the two
waypoints and TO the active waypoint. In this equipment the
CDI needle functionslikeitstracking alocdizer sgnd; thet is
movement of the OBS has no effect on the CDI needle or the
“toffrom” indicator.

Turn Anticipation

The cgpability of RNAV systemsto determine the point dong a
course, prior to a turn waypoint, where a turn should be initiated
to provide a smooth path to intercept the succeeding course
within the protected airspace, and to enunciate the information to
the pilot.

User-sdlectable Navigation
Database

A navigation database having user-defined contents accessible by
the pilot and/or the navigation computer during aircraft operations
in support of navigation needs. This database is stored
eectronicdly and istypicaly updated at regular intervas, such as
the Aeronautica Information Regulation and Control (AIRAC)
28-day cycle. It does not include data that can be entered
manually by the pilot or operator.

Waypoint (WP) A predetermined geographicd position used for route definition
and/or progress reporting purposes that is defined by
latitude/longitude.

World Geodetic System (WGS) A consstent set of parameters describing the sze and shape of

the earth, the positions of a network of points with respect to the
center of mass of the earth, transformations from major geodetic
datums, and the potentid of the earth (usudly in terms of
harmonic coefficients).
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APPENDIX 2- GPSPILOT TRAINING

1. GENERAL. Pilotsshould practice Globa Pogtioning System (GPS) approaches under visud
meteorologica conditions (VMC) until thoroughly proficient with al aspects of their equipment (recelver
and ingalation) prior to attempting flight by Instrument FHight Rules (IFR) in instrument meteorologica
conditions (IMC). Many GPS receivers provide a smulation mode which can be used to become
familiar with recalver operations prior to actud flight operations. Some of the areas which the pilot
should practice are;

a. Utilizing the recaiver autonomous integrity monitoring (RAIM) prediction function;
b. Proceeding direct to awaypoint in and not in the flight plan;
C. Inserting an insgrument departure procedure (DP) into the flight plan, including setting termina

course deviation indicator (CDI) sengtivity, if required, and the conditions under which termina RAIM
is available for departure (some receivers are not DP or standard terminal arrival area (STAR)

capable);
d. Insarting the destination airport in aflight plan;

e. Determining the correct initia approach fix (IAF) to proceed to when entering atermind arriva
aea (TAA) and determining the correct dtitudes within a TAA,

f. Executing overlay gpproaches (especidly “no-FAF’ procedure turns and arcs);
g. Changing to another approach after selecting an approach;

h. Executing “direct” missed gpproaches where the route is direct to the first waypoint after the
missed gpproach waypoint (MAWP);

i. Executing “routed” missed approaches where the route is not direct to awaypoint from the
MAWRP, particularly where a course must be manudly inserted and flown. This procedure may vary
with ingalation of the recaiver;

J. Entering, flying and exiting holding patterns “manudly” with arecaver that usudly doesthis
procedure automaticaly (e.g. non-charted holding, holding following a procedure turn, and holding with
a second waypoint in the holding pattern);

k. Hyinga“route’ from a holding pattern to another waypoint;

|. Executing an gpproach with radar vectors to the find segment;

m. Indication of the actions required for RAIM failure both before and after the find approach
waypoint (FAWP);
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n. Programming aradia and distance from a VOR (often used in departure instructions);

0. Recovering from sequencing past awaypoint a which holding was intended.
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APPENDIX 3-PILOT SELECTED PRACTICES

1. GENERAL. Thisgppendix isintended to provide examples of different kinds of Globa Positioning
System (GPS) Approach Procedures pilots may encounter in the Nationa Airgpace System (NAS).
Generic procedures are included to illustrate the sequence of pilot actions that are required to
accomplish the respective approaches.

2. AGPSOVERLAY APPROACH WITH “OR GPS’ IN THE TITLE OF THE APPROACH
AND NO PUBLISHED FINAL APPROACH FIX (FAF). Roanoke Rapids, North Carolina,
NDB Or GPS Runway 5 (Halifax County Airport).

a. After sdlecting the airport and gpproach information as outlined in the FAA Approved Hight
Manud or Flight Manua Supplement, the waypointswill be automatically presented in the proper order
to fly the gpproach. Filots must arm (enable) approach mode prior to theinitid approach fix (IAF).
This approach is consdered a Phase |11 GPS Approach Overlay since “or GPS’ appearsin thetitle.
The feeder routes from the Lawrenceville VORTAC, GUMBE Intersection, Tar River VORTAC, and
DUFFI Intersection are outsde the IAF. These routes are not required in the gpproach procedure
sequence of waypoints.

Note: Some manufacturers may include feeder route infor mation.

b. Notice that this approach does not have an find approach fix (FAF). For thefind sengtivity
reduction to take place however (a requirement for a GPS overlay approach), an FAF waypoint must
be established. For this approach, the database and GPS display includes a*“sensor FAF”, whichis
located at the default distance of 4 NM to the missed approach point (MAP) for Runway 05. Itis
identified in the database by an ARINC identifier suchas “FF05” (Find Approach Fix for Runway
05), but may not appear on the approach chart.

c. AtthelAF (RZ2), the GPS equipment automaticaly sequences to the next waypoint, in this case
the sensor FAF (FF05). After passing the IAF and prior to reaching the sensor FAF, the receiver is
put on hold ether by the pilot or automaticaly by the equipment depending on the manufacturer. TO-
FROM navigation and an dong track distance are provided in relation to the active waypoint, which in
this case, is dill the FAF. The procedure turn should be completed beyond the sensor FAF to ensure
that the waypoint sequencing is properly achieved and that the receiver sengitivity is correctly activated.
The procedure turn aso should be completed within the protected airspace for the approach. In this
case, within 10 NM from RAPIDS.

d. On the outbound leg of the procedure turn, set the fina approach course (058°) on the OBS.
When the inbound course is intercepted, the recaiver is returned to automatic sequencing ether by the
pilot or automatically by the equipment depending on the manufacturer. TO-TO navigation and an
along track distance are provided to the sensor FAF (FF05). At 2 NM from the sensor FAF, the
disolay sengtivity beginsto trangtion to .3 NM either sde of centerline. At the sensor FAF, the GPS
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equipment automaticaly sequences to the MAP waypoint (RZZ) with an dong track distance provided
to the MAP.

e. At the MAP, the GPS equipment must be manually sequenced to the next active waypoint. Once
s ected, the navigation equipment will display the missed gpproach holding point (RZZ). Display
sengtivity full scale deflection changes to one nautica mile. The missed gpproach procedureis flown as
depicted on the chart usng norma piloting techniques; in this case, aclimbing left turn to 2,400 feet and
entry into aholding pattern at the RZZ waypoint. DIRECT-TO navigation isused to RZZ. After passng
RZZ and while entering missed approach holding, the receiver is put on “hold” for the missed approach
holding pattern.
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Amdt 3A 98197

NDB or GPS RWY
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Amdt 3A 98197

36°26'N - 77°43'W ROANOKE RAPIDS, NORTH CAROLINA
ROANOKE RAPIDS/HALIFAX COUNTY (RZZ)
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3. AGPSOVERLAY APPROACH WITHOUT “OR GPS’ INTHE TITLE OF THE
APPROACH, WITH TWO IAF WAYPOINTSAND A “ROUTED” MISSED APPROACH:
Providence, Rhode Idand, VOR Runway 5 (Green State Airport).

a. After sdlecting the airport and gpproach information as outlined in the FAA Approved Hight
Manud or Hight Manua Supplement, the waypoints will be automaticaly presented in the proper order
to fly the approach. Filots must arm (enable) approach mode prior to the IAF. Since the words “or
GPS’ are not included in the title of the published approach procedure chart, it may be consdered a
Phase 11 GPS Overlay Approach procedure. This chart includes the database identifiers and waypoints
for the GPS Overlay Approach.

b. This gpproach can be initiated from one of two Initid Approach Fix waypoints. LAFAY or
RENCH. Thewaypoint sequence if the gpproach is sarted from LAFAY isLAFAY (IAF), theturn
point in theinitid segment (identified by the database code PVD17), RENCH (FAF), Providence VOR
(MAP), and FOSTY (MAHP). Thefirgt portion of the route is flown to aturn point waypoint. Course
guidance and an dong track distance is provided to the turn waypoint (PVD17) to intercept the 045°
inbound course to RENCH. After passng PVD17 and intercepting the inbound course, the dong track
distance to RENCH can be used to determine the distance remaining to the FAF.

c. If the gpproach isinitiated from over RENCH, the waypoint sequence is RENCH (IAF/FAF),
Providence VOR (MAP), and FOSTY (MAHP). The LOM serves asthe IAF and the FAF. Prior
to passng RENCH IAF outbound, the GPS receiver is put on hold to fly the course reversal.
Depending on the manufacturer, this may be a pilot action or done automaticaly by the equipment.
The course reversd isflown as charted with TO-FROM navigation provided in relaion to the active
waypoint, which in this case, isRENCH FAF. Once established on the inbound course, the receiver
should be returned to automatic waypoint sequencing (TO-TO navigation). Depending on the
manufacturer, this may be a pilot action or done automaticaly by the equipment. An dong track
distanceis provided to RENCH FAF. At 2 NM from RENCH FAF, the display and RAIM
sengtivity trangtionsto 0.3 NM.

d. Atthe FAF, the waypoint autometically sequencesto the MAP. An aong track distance is
provided to the MAP waypoint (PVD). Since the sepdown fix (D2.5) is not an FAA named fix, it is
not included in the waypoint presentation; however, the point can be identified by an along track
distanceto PVD. Whenthe ATD is 2.5 NM to the MAP, the fix isidentified. Note that on some
gpproaches this distance may be different from the DME distance depicted in the profile view. In such
cases, the dong track distance at the bottom of the profile view can be used to monitor the distance
readout.

e. At the MAP waypoint, the receiver automaticaly changes to manual operation and the pilot must
manualy sequence to the next active waypoint. Once complete, display senstivity changesto full scae
deflection of one nautical mile, and the missed gpproach holding point is digplayed as the next waypoint.
The firgt part of the missed approach procedure is flown as depicted on the chart: climbing left turn to
2,500 feet. The pilot mugt manudly st the 321° course, since the receiver will set the direct course from
where the receiver was manualy sequenced to the FOSTY intersection. Normd piloting techniques are
used to intercept a 321° course (a TO-TO bearing of 321°) to FOSTY .
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Amdt 13A 98337
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Amdt 13A 98337

41°43'N-71°26'W PROVIDENCE, RHODE ISLAND
PROVIDENCE/THEODORE FRANCIS GREEN STATE (PVD)
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4, A GPS*OVERLAY” APPROACH WITH AN ARC: LakeCharles, Louisiana, VOR
DM E-B (Lake Charles Regional Airport).

a. After sdlecting the airport and gpproach information as outlined in the FAA Approved Hight
Manud or Flight Manua Supplement, the waypoints will be automatically presented in the proper order
to fly the gpproach. Filots must arm (enable) approach mode prior to the IAF. This example
represents a Phase || GPS Overlay Approach.

b. This gpproach can be initiated from one of two Initid Approach Fix waypoints. These IAF
waypoints are aong the 20 NM arc at points defined by the 234 and 265 degree radials from LCH.
The lAF at R-234 will likely appear in the database as D234T. D234T represents a point located on
the 234 degreeradid of the Lake CharlesVORTAC a 20 NM. Theletter T isthe twentieth letter of
the aphabet and is used to indicate adistance of 20 NM. In addition, awaypoint is coded in the
database at the intersection of the arc and fina approach course (CF069). The approach waypoint
sequencein this case is D234T (IAF), CF069 (or DOG9T for intercepting the fina approach course),
FF069 (FAF), MA0G9 (MAP), and WASPY intersection. The same sequence is provided for the
other arc, except that it sartsat D265T. The display in the receiver and procedure for flying the arc may
vary with the manufacturer. Rilots should consult the FAA Approved Hight Manud, or Flight Manua
Supplement for further detalls.

c. From ether IAF normad piloting techniques are used to maintain the ground track of the arc en
route to the waypoint located at the intersection of the arc and the final approach course (CF069).
From here the GPS equipment will sequence to the FAF (FF069). At 2 NM from the FAF, the display
sengtivity begins trangtioning to where full scale deflectionis.3 NM ether sde of centerline.

d. Atthe FAF, the waypoint automaticaly sequencesto the MAP (MA069). An aong track
distance is provided to the MAP waypoint. Since the stepdown fix (D8.0) is not an FAA named fix, it
is not included in the waypoint presentation; however, the point can be identified by an dong track
distance to MA0G9. Whenthe ATD is 1.6 NM to the MAP, thefix isidentified. Note that on this
gpproach there is a difference between the DME distance depicted in the profile view and the along
track distance. In such cases, the dong track distance at the bottom of the profile view can be used to
monitor the GPS distance readout.

e. At the MAP waypoint, the receiver automatically changes to manua operation and the pilot must
sequence the recelver to the next active waypoint. Once complete, the missed approach waypoint
(WASPY) isdisplayed asthe next waypoint. Thefirst part of the missed approach procedure is flown
as depicted on the chart: Climb to 1,700 feet, then climbing right turn to 2,000 feet outbound viaLCH
VOR R-249 to WASPY. The pilot must manualy set the 249° course to WASPY,, depending on
when the MAWP is sequenced. Normal piloting techniques are used to intercept the 249° course (a
TO-TO bearing of 249°) to WASPY. Display sengtivity beginsto change to afull scale deflection of
one nauticad mile ether sde of centerline once WASPY is sequenced.
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Amdt 7 98337

VOR/DME-B

LAKE CHARLES REGIONAL (LCH)

AL-5083 (FAA) ’ LAKE CHARLES, LOUISIANA

ATIS 118.75
LAKE CHARLES APP CON*
119.35 353.75

LAKE CHARLES TOWER™*
120.7 (CTAF) @ 257.8
GND CON

121.8

CLNC DEL

126.25 A1349

ASR

UNICOM 122.95

7

A 471

128+
AT packillen

130 , Airpark

LAKE CHARLES
113.4 LCH ek

Chan 81

VOR/DME-8

Amdt 7 98337

MISSED APPROACH
Climb to 1700 then climbing
LCH right turn to 2000 vio LCH
R-249 to WASPY Int.
Procedure Turn
ITA
| | -
| |
[ 3 NM [ 1.6 NM—=]
CATEGORY [ A B S D A
.
CRCLING 440-1 480-1 480-1% 580-2  l069° 4.6 NM B\
425 (500-1) | 465 (500-1) | 465 (500-1%) | 565 (600-2) | from FAF X\ .-
o :..
o\ .
.‘_"‘5,
REILRwys 5and 23 °
MIRL Rwy 5-23
HIRL Rwy 15-33 0
Knots | 60 | 90 | 120|150 [ 180
Min:Sec
30°08'N-93°13'W LAKE CHARLES, LOUISIANA

LAKE CHARLES REGIONAL (LCH)

Page 8



AC 90-HA
DATE Appendix 3

Page 9



AC 90-H4A
Appendix 3 DATE

5. A GPS“STAND ALONE” APPROACH: Phillips, Wisconsn, GPSRWY 1 (Phillips Price
County (PBH)).

a. After sdecting the airport and approach information as outlined in the FAA Approved Hight
Manud or Pilot’s Operating handbook, the waypoints will be automaticaly presented in the proper
order to fly the gpproach. Pilots must arm (enable) approach mode prior to the IAF. This stand alone
GPS approach can be initiated from ether Initial Approach Fix waypoint: GUGFO or ABVIC. Both
of the IAFs are served by feeder routes.

b. The waypoint sequence will be the appropriate IAF, URPOW, GOFXO (FAF), RWO01 (MAP)
and back to URPOW for missed approach holding. After passing the appropriate |AF, course
guidance (TO-TO navigation) and along track distance is provided to the IF waypoint (URPOW).
URPOW isafly by waypoint and the receiver will enunciate the turn prior to reaching URPOW.
During the turn, the receiver will sequence to the FAF (GOFXO) and display the inbound course and
along track distance to FAF.

c. At2NM prior to GOFXO the CDI display and RAIM sengtivity will begin trangtioning to 0.3
NM ether side of center line. The pilot should confirm thet the approach mode is active prior to the FAF.
AT the FAF the recaiver automatically sequencesto the MAP (RWOL1) and the dong track distance will
show the distance remaining to the MAP. The stepdown fix a 3 NM to RWO1 will not be part of the
approach waypoint sequence, and must be identified usng dong track distance.

d. Atthe MAP (RWO0L1) the receiver will continue to give guidance straight ahead on the inbound
final gpproach course until the pilot manualy sequences the GPS receiver to the next waypoint. Inthis
case, the next waypoint is the missed gpproach holding waypoint (URPOW). However, the missed
gpproach indructions must be complied with prior to proceeding direct to the waypoint. After climbing
to 2500 feet on the extended course, continue a climbing right turn to 4000 direct URPOW waypoint.
Oncethe arcraft is headed in the generd direction of URPOW, executing the direct function will
provide a direct course to URPOW.
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6. USE OF GPSASA SUBSTITUTE FOR ADF AND DME RECEIVERS. Provided that a
facility or fix coordinates can be caled up from the airborne database, an onboard GPS system may be
substituted for both an ADF receiver and a DME receiver for the following operationsin the U.S.
Nationd Airspace System:

a. Determining the aircraft position over aDME fix. Thisincludes en route operations at and above
24,000 feet MSL (FL240) when using GPS as the primary navigation system.

b. FlyingaDME arc.

c. Navigating to or from an NDB/compass locator.

d. Determining the aircraft position over an NDB/compass |ocator.

e. Determining the aircraft position over afix made up of a crossng NDB/compass locator bearing.

f. Holding over an NDB/compass locator.

NOTE: An aircraft isnot authorized to fly any IFR approach usng GPS
unlessthat instrument approach procedureisretrievable from the
navigation database. Approach proceduresthat are omitted from the
database can not belegally flown using GPS navigation equipment.
These operations are authorized for GPS avionics approved for |FR,
including multi-sensor systemswith GPS a sensor. This equipment must
be properly installed and meet the provisions of the applicable FAA
approved Aircraft Flight Manual (AFM), Flight Manual Supplement, or
Pilot OperationsManual. Therequired integrity for these operationsis
provided by Recelver Autonomous Integrity Monitoring (RAIM), or an
equivalent method. For air carrier operations, oper ations specification
approval isrequired to use GPS. Waypointsto be used for these
operations must beretrieved from the GPS airborne database. The
database must be current. If therequired positions can not beretrieved
from the airbor ne database the substitution of GPSfor ADF and DME
isnot authorized.

The GPS system must be oper ated within the guidelines contained in the
AFM, Flight Manual Supplement or Pilot Operations Manual.

7. THE REQUIREMENTSTO USE GPSASA SUBSTITUTE FOR AN ADF AND DME
ARE:

a. CDI Sensitivity. The Course Deviation Indicator (CDI) must be set to termind sengtivity
(normally 1 or 1 %2NM) when tracking GPS course guidance in the terminal area. Thisisto ensure that
small deviations from course are displayed to the pilot in order to keep the aircraft within the smaler
termina protected aress.
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b. Charting Requirements. Charting will not change to support these operations. Charted
requirements for ADF and DME can be met using the GPS system, except for use asthe primary
ingtrument approach navigation source.

c. Avionics Requirements. Thereisno requirement for the aircraft to be equipped with an ADF
or DME recaiver. The ground based NDB or DME facility may be temporarily out of service during
these operations.

8. POSITION DETERMINATION. Thefollowing provides generd guidance which is not specific
to any particular GPS system. For specific system guidance refer to the AFM, Hight Manud
Supplement, Pilot Operations Manud, or contact the manufacturer of your sysem. To determine the
arcraft pogtion over aDME fix:

a. Veify GPS system integrity monitoring is functioning properly.

b. If thefix isidentified by afive letter name which is contained in the GPS airborne database, the
pilot may sdect ether the named fix as the active GPS waypoint (WP) or the facility establishing the
DME fix asthe active GPS WP.

NOTE: When using a facility asthe active WP, the only acceptable facility is
the DM E facility which ischarted asthe one used to establish the DME
fix. If thisfacility isnot in the GPS airbor ne database, it isnot
authorized to use a facility WP for this operation.

c. If thefix isidentified by afive letter name which is not contained in the GPS airborne database,
or if thefix is not named, the pilot must sdlect the facility establishing the DME fix as the active GPS
WP.

NOTE: An alternative, until all DME sourcesarein thedatabase, is
using a named DME fix as the active waypoint to identify unnamed
DME fixes on the same cour se and from the same DM E source asthe
active waypoint.

CAUTION: Pilotsshould be extremely careful to ensurethat correct
distance measurements are used when utilizing thisinterim method. It is
strongly recommended that pilotsreview distancesfor DME fixing
during preflight preparation.

d. If you sdect the named fix as your active GPS WP, you are over the fix when the GPS system
indicates you are a the active WP.

Page 13



AC 90-HA
Appendix 3 DATE

e. If you sdect the DME providing facility asthe active GPS WP, you are over the fix when the
GPS distance from the active WP equas the charted DME va ue.

9. DME ARC. ToflyaDME ARC:
a. Veify GPS sysem integrity monitoring is functioning properly.

b. The pilot must select, from the airborne database, the facility providing the DME arc asthe
active GPS WP.

NOTE: The only acceptable facility isthe DME facility on which the
arcisbased. If thisfacility isnot in the airborne database, the pilot is
not authorized to perform thisoperation. Maintain postion on thearc
by referenceto the GPS distancein lieu of a DME readout.
Additionally, If compasslocator ischarted with a collocated fix of the
same name, use of that fix asthe active WP in place of the compass
locator facility isauthorized.

10. NDB/COMPASSLOCATOR. To navigate to or from an NDB/compass locator:
a. Veify GPS sysem integrity monitoring is functioning properly.

b. Sdect termind CDI sengtivity in accordance with the AFM, Hight Manuad Supplement or Filot
Operations Manud if in the termina area.

c. Select the NDB/COMPASS LOCATOR facility from the airborne database as the active WP.
NOTE: When using a facility asthe active WP, the only acceptable
facility isthe NDB/COMPASS LOCATOR facility which ischarted as
the one used to establish thefix. If thisfacility isnot in theairborne

database, the pilot isnot authorized to use a facility WP for this
operation.

d. Sdect and navigate on the gppropriate course to or from the active WP.
e. Determine the aircraft position over an NDB/COMPASS LOCATOR.

f. Veify GPS sysem integrity monitoring is functioning properly.
g. Select the NDB/COMPASS LOCATOR facility from the airborne database as the active WP.
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NOTE: When using a facility asthe active WP, the only acceptable
facility isthe NDB/COMPASS LOCATOR facility which ischarted. If
thisfacility isnot in the airbor ne database, the pilot isnot authorized to
use a facility WP for this operation.

h. Theaircraft is over the NDB/COMPASS LOCATOR when the GPS system indicates you are
at the active WP.

11. NDB/COMPASSLOCATOR BEARING FIX. To determine the aircraft postion over afix
made up of acrossng NDB/COMPASS LOCATOR bearing:

a. Veify GPS sygem integrity monitoring is functioning properly.

b. A fix made up by acrossng NDB/COMPASS LOCATOR bearing will be identified by afive
letter fix name. The pilot may select either the named fix or the NDB/COMPASS LOCATOR facility
providing the crossing bearing to establish the fix as the active GPS WP.

NOTE: When using a facility asthe active WP, the only acceptable
facility isthe NDB/COMPASS L OCATOR facility which is charted as
the one used to establish the fix. If thisfacility isnot in theairborne
database, the pilot is not authorized to use a facility WP for this

oper ation.

c. If the pilot selects the named fix as your active GPS WP, the aircraft is over the fix when the
GPS system indicates the named WP as the pilot flies the prescribed track from the non-GPS navigation
source.

d. If you sdect the NDB/COMPASS LOCATOR facility as the active GPS WP, you are over the
fix when the GPS bearing to the active WP is the same as the charted NDB/COMPASS LOCATOR
bearing for the fix as you fly the prescribed track from the non-GPS navigeation source.

12. HOLDING OVER AN NDB/COMPASSLOCATOR FIX: To hold over an NDB/Compass
Locator:

a. Veify GPS sysem integrity monitoring is functioning properly.

b. Sdect termina CDI senstivity in accordance with the AFM, Hight Manua Supplement, or Pilot
Operations Manud if in the termind area.

c. Select the NDB/COMPASS LOCATOR facility from the airborne database as the active WP.

NOTE: When using a facility asthe active WP, the only acceptable
facility isthe NDB/COMPASS LOCATOR facility which ischarted. If
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thisfacility isnot in the air craft airborne database, the pilot is are not
authorized to use a facility WP for this operation.

d. Select non-sequencing (e.g. “HOLD” or “OBS’) mode and the appropriate coursein
accordance with the AFM, Hight Manua Supplement, or Pilot Operations Manual.

e. Hold using the GPS system in accordance with the AFM, Hight Manuad Supplement, or Pilot
Operations Manud.

13. OTHER CONSIDERATIONS: Many GPS receivers can drive an ADF-type bearing pointer.
Such an ingdlaion will provide the pilot with an enhanced levd of Stuationa awareness by providing
GPS navigation information while the CDI isset to VOR or ILS. The GPS receiver may be indtdled so
that when an ILS frequency is tuned the navigation display defaults to the VOR/ILS mode, preempting
the GPS mode. However, if the receiver ingdlation requires amanud selection from GPSto ILS it
dlowsfor the ILS to be tuned and identified while navigating on the GPS. Additiondly, this prevents
the navigation display from automaticaly switching back to GPS when aVOR frequency is sdected. If
an automeatic switching from the VOR/ILS mode to GPS mode is caused by selecting aVOR
frequency, the change may go unnoticed and could result in erroneous navigation and departing
obstruction protected airgpace. GPSis a supplementa navigation system in part due to availability.

14. TWO GPSAPPROACHESIMPLEMENTING USE OF GPSIN LIEU OF ADF AND
DME.

a. St. Petersburg-Clearwater, Florida, ILSRWY 171 (St. Peter sburg-Clearwater Intl.).
To fly this procedure without an ADF or DME, plan on using GPS to navigate to CAPOK and to
identify LAFAL, the missed gpproach clearance limit. Prior to exiting the airway set up the
waypoints for the compass locator CAPOK (PI) then thefix LAFAL. Exit the airway on the 348°
course out of St. Petersburg VORTAC toward CAPOK.  Once established outbound, switch the
navigation display to GPS, in the non-sequencing mode, and fly the 348° courseto CAPOK. Over
CAPOK dart the clock and enter the holding pattern. Outbound in holding or when cleared for the
approach, set the navigation digplay to VOR/ILS, tune and identify I-PIE on 109.1, and select the
inbound course, 173°, inthe OBS. Also advance LAFAL asthe active WP in the GPS, ensure
GPSisin the non-sequencing mode. At one minute turn and intercept the localizer inbound. Over
the outer marker (FAF) start the clock for fina approach timing (locdizer only). At the DH or
missed approach point with no runway environment in sight, perform missed approach procedures
and climb straight ahead  to 500 feet MSL. After arcraft clean up, tune and identify PIE
VORTAC, 116.4, and select course 270° with the OBS. On reaching 500 feet turn right and
intercept the PIE 270° course outbound. The GPS distance now gives distance to LAFAL, and
when over the GPSWP you are at LAFAL. Enter holding, and hold on the PIE 270° radia (090°
inbound course), identifying LAFAL by reference to the GPS. An dternative way to identify
LAFAL: use PIE VORTAC as the active WP and when on the 270 radid, with PIE VORTAC
tuned up and selected to the navigation display, you are at LAFAL when the GPS distance reads 8
NM.
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b. Fort Smith, Arkansas, ILSRWY 25 (Fort Smith Regional). Arriving from the northesst on V-
289, use GPSto fly the initid segment arc and to hold a Peno Bottoms, the missed approach clearance
limit. Add the Fort Smith VORTAC to the waypoint list followed by Peno Bottoms NDB. Assuming you
are cleared for the gpproach as you proceed southwest on the airway navigating to Fort Smith VORTAC,
have Fort Smith VORTAC as the active WP. Monitor the GPS distance, and turn left to intercept the arc
when it reads 10.5 NM. Asyou fly the arc, monitor the bearing from Fort Smith. When you reach the
077° lead radid, tune and identify I-FSM, select 256° on the OBS, ensure the navigation display is set to
VORJ/ILS, and intercept the locdlizer. Advance the GPS to Peno Bottoms and set it to non-sequencing
mode. Fly the ILS normdly, identifying the FAF by the outer marker. At the DH without the runway
environment in sght, perform missed gpproach procedures and climb straight ahead. Change the
navigation display to GPS, select “DIRECT” on the GPS receiver and fly to the Peno Bottoms WP.
Approaching Peno Bottoms, ensure the GPS is set in the non-sequencing mode. At Peno Bottoms turn to
enter holding and, while outbound,
set 076° for the inbound course. Hold.
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APPENDIX 4 - OPERATOR SELECTED PRACTICES
1. THE GPSAPPROVAL PROCESS

a. 14 CFR Part 91 Operators. Section 91.703 addresses the operation of aircraft of U.S. civil
registry operated outside the United States. Section 91.703(a)(1) states, in pertinent part, that each
person operating an arcraft of U.S. civil registry shdl, when operating over the high seas, comply with
Annex 2 (Rules of the Air) to the Convention on Internationa Aviation. Additionally, Section 91.705,
Operationswithin the North Atlantic Minimum Navigation Perfor mance Specifications
(MNPS) Airspace, requires that, unless the Administrator authorizes a deviation, no person may
operate an aircraft of U.S. civil registry in the North Atlantic airspace designated as MNPS airspace
unlessthe aircraft has approved navigation performance capability and the operator is authorized by the
Adminigtrator to perform such operations.

(1) Generd Aviation (GA) operators are required to obtain an Letter of Authorization (LOA)
for operations in specid qudifications airgpace. For the purpose of this AC, specid qudifications
arspace is where navigation performance standards are governed by internationa agreements,
separation minimums are reduced, and the standards of navigation performance accuracy is Strictly
enforced. In particular this airgpace is MNPS airgpace and the North Atlantic (NAT) region where
lateral separation is 60 NM. There is no requirement for a GA operator to obtain permisson from the
U.S. Government (in the form of aLOA) for oceanic operations outsde specia qualifications airspace.

(2) Operatorsinitiate the gpprova process by letter of application to the appropriate FHight
Standards Digtrict Office for operationd authorization to use the GPS system(s) or GPS-based
multisensor navigation system(s) for the intended operation. An FAA Aviation Safety Inspector (ASl)
(Operations) will review the gpplicant’ s navigation procedures, training, and procedures for use of the
FDE prediction program and other operationd issues. An FAA ASl (Avionics) will review the
gpplicants airworthiness gpprova and maintenance procedures. For specifics on this entire approva
process, refer to Chapter 222, FAA Order 8700.1, Genera Aviation Operations Inspector’s
Handbook, and AC 91-70, Oceanic Operations.

(3) All operators are encouraged to obtain training in the operation of their particular navigation
unit and in operations outsde the U.S. Additiondly, dl arcraft (induding U.S. civil registered aircraft)
departing from Canadian airgpace into international airgpace require approva from the Canadian
government prior to departure.

b. 14 CFR Part 125 Operators. All GPS operations conducted by operators under part 125
must be authorized in the operators Operations Specifications. Any questions or comments concerning
operational approva of GPS for part 125 operators should be directed to AFS-820 at (202) 267-
8194.

c. 14 CFR Parts 121 and 135 Operators. All GPS operations conducted by U.S. air carriers
and commercia operators under part 121 or 135 must be gpproved by the Certificate Holding District
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Office (CHDO) in accordance with FAA guidance and procedures. Some specific areas requiring
approva are;

(1) GPSPilot Training Programs

(2) GPS Digpatch Procedures

(3) GPS Avionics Ingdlation and Continuing Maintenance Procedures
(4) Operations Specifications Approvals for GPS Operations

d. Comments. Any questions or comments concerning operationd gpprova of GPSfor air carrier
operators should be directed to AFS-220 at (202) 267-7579.

2. FAA APPROVAL FOR USE OF GPSFOR ALL OPERATORS.

a. GPS Equipment Approval. The equipment must be approved by the FAA Aircraft
Certification Office (ACO) in accordance with AC 20-138, Airworthiness Approva of Globa
Pogitioning System (GPS) Navigation Equipment For Use AsA VFR And IFR Supplemental Navigation
System; or AC 20-130A, Airworthiness Approva of Navigation or Hight Management Systems
Integrating Multiple Navigation Sensors; and (if required) Notice (N) 8110.60, GPS as a Primary Means
of Navigation for Oceanic/Remote Operations.

b. Ingallation. The goplicant must obtain initid ingtalation gpprova of GPS equipment for
primary means use on a specific make and modd aircraft viathe Type Certificate (TC) or the
Supplementa Type Certificate (STC) certification process. The FAA Form 337 or forms acceptable to
the Adminigtrator for those operators with an acceptable engineering organization will be used for
follow-on ingdlation of the same GPS equipment provided the data developed for theinitid certification
isused.

c. Aircraft Flight Manual Supplement (AFMYS). Once the ingtallation has been gpproved, the
AFMS must be updated to state: “The (type) GPS equipment as ingtdled has been found to
comply with the requirements for GPS primary means of Class | navigation in oceanic and remote
argpace, when used in conjunction with the (type) prediction program. This does not
constitute operational approva.”

d. Training and Manuals. Crew training is required to ensure crews are familiar with navigation
equipment operations, data base updating procedures, pre-departure procedures, standard en route
procedures, and contingency procedures.

e. Crew Qualification: Therequired flight crew must have received training in the use of GPS.

3. FAA APPROVAL FOR USE OF GPSFOR OPERATORSINTENDING TO CONDUCT
OCEANIC OPERATIONS: Operators must ensure that the following policies and procedures are
incorporated into pilot and, where gppropriate, dispatcher training/quadification programs and manuas:
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a. FDE Availability Prediction Program. All operators conducting GPS primary means of Class
Il navigation in oceanic/remote areas under parts 91, 121, 125 and 135 must utilize an
FAA-approved FDE prediction program for the installed GPS equipment that is capable of predicting,
prior to departure, the maximum outage duration of the loss of fault excluson, the loss of fault detection,
and the loss of navigation function for flight on a gpecified route. The “specified route of flight” is defined
by a series of waypoints (to include the route to any required dternates) with the time specified by a
velocity or series of velocities. Since specific ground speeds may not be maintained, the pre-departure
prediction must be performed for the range of expected ground speeds. This FDE prediction program
must use the same FDE dgorithm that is employed by the ingtdled GPS equipment and must be
developed using an acceptable software development methodology (e.g., RTCA/DO-178B). The FDE
prediction program must provide the capability to designate manuadly satellites that are scheduled to be
unavailable in order to perform the prediction accurately. The FDE prediction program will be evauated
as part of the navigation system’ singdlation gpprova. The requirements for the FDE prediction
agorithm can be found in this AC.

b. Operational Control Restrictions. Operators must observe the following operationa control
restrictions:

(1) Any predicted satellite outages that result in the ingbility of GPS equipment to provide a
navigation solution on the specified route of flight requires that the flight be canceled, delayed, or re-
routed.

(2) If thefault exdusion cgpability outage (excluson of amdfunctioning satellite) exceeds the
acceptable duration on the specific route of flight, the flight must be canceled, delayed, or re-routed.

c. Determination of the Capability to Navigate. Prior to departure, the operator must use the
FDE prediction program to demondtrate that there are no outages in the cagpability to navigate on the
specified route of flight (the FDE prediction program determines whether the GPS congdlation is robust
enough to provide a navigation solution for the specified route of flight).

d. Determination of Availability of Excluson. Once navigation function is assured
(the equipment can navigate on the specified route of flight), the operator must use the FDE prediction
program to demondgtrate that the maximum outage of the capability of the equipment to provide fault
exclusion for the specified route of flight does not exceed the acceptable duration
(fault excluson isthe ahility to exclude afaled satellite from the navigation solution). The acceptable
duration (in minutes) is equa to the time it would take to exit the protected airspace (one-hdf the laterd
separation minimum) assuming a35 NM per hour cross-track navigation system error growth rate when
darting from the center of the route. For example, a 60-nautica mile laterd separation minimum yieds 51
minutes acceptable duration (30 NM divided by 35 NM per hour). If the fault exclusion outage exceeds
the acceptable duration, then the flight must be canceled, delayed, or re-routed.

NOTE: LATERAL SEPARATION MINIMUMSOR ROUTE
WIDTHSMAY BE FOUND IN ICAO REGIONAL
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SUPPLEMENTARY PROCEDURES, DOCUMENT 7030; THE
OCEANIC AIR TRAFFIC CONTROL HANDBOOK, FAA ORDER
7110.83; OR THE AERONAUTICAL INFORMATION
PUBLICATION(S) (AIP) OF THE STATE(S) PROVIDING AIR
TRAFFIC SERVICESALONG THE PLANNED ROUTE. THE
OPERATOR ISULTIMATELY RESPONSIBLE FOR ENSURING
THAT THE APPROPRIATE LATERAL SEPARATION
MINIMUM S ARE USED IN THE FDE PREDICTION. SOME
EXAMPLESARE:

60 NM SEPARATION IN NAT MNPS AIRSPACE

50 NM ON PACIFIC RNP-10 ROUTES

90 NM FOR U. S. DOMESTIC OFFSHORE OPERATIONS

100 NM AND 120 NM IN MANY OTHER OCEANIC AREAS
WORL DWIDE

e. En route Procedures. Operators must ensure that the following policies and procedures are
incorporated into pilot and, where appropriate, dispatcher training/qudification programs and manuals:

(1) Degraded Navigation Capahility. If the GPS displaysa*“loss of navigation function” dert, the
pilot should immediately begin usng dead reckoning procedures until GPS navigation isregained. The pilot
will report degraded navigation capability to Air Traffic Control (ATC) in accordance with section 91.187.
Additiondly, flight crew members operating under part 121 will notify the gppropriate dispatch or flight
following facility of any degraded navigation capability in accordance with the air carrier’ s FAA approved
procedures.

(2) Sadlite Fault Detection Outage. If the GPS displays an indication of afault detection
function outage (i.e., Recelver Autonomous Integrity Monitoring (RAIM) is not available), navigation
integrity must be provided by comparing the GPS position with a position computed by extragpolating
the last verified pogtion with true airgpeed, heading, and estimated winds. If the positions do not agree
to within 10 NM, the pilot should immediately begin using dead reckoning procedures until the exclusion
function or navigation integrity is regained and report degraded navigation cgpability to ATC in
accordance with section 91.187.

(3) Fault Detection Alert. If the GPS displays afault detection dert (failed satdlite), the pilot
may choose to continue to operate using the GPS-generated position if the current estimate of postion
uncertainty displayed on the GPS from the FDE dgorithm is actively monitored. If this number exceeds
10 NM or is not avalable, the pilot should immediately begin using dead reckoning procedures until the
faled satellite is excluded and report degraded navigation capability to ATC in accordance with section
91.187.

f. OperatorsWithout Previous Class |1 Navigation Experience: If an operator isrequesting
gpprova to conduct Class Il Navigation with an aircraft/GPS equipment, but has no
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previous experience in conducting Class 1 navigation, then the operator must conduct at least one
vaidation test flight in the Class || area of navigation whereit intendsto operate. Thisflight must be
conducted as a hon-revenue operation with the exception that cargo may be carried.

g. OperatorsWith Previous Class || Navigation Experience. If an operator is requesting
gpprova to conduct Class 1 Navigation with an arcraft/GPS equipment combination with which it has
not previoudy conducted Class |1 operations, the operator must conduct a vaidation test flight
according to the following guidance:

(1) If theflight is conducted in a Class | navigation areato Smulate operationin a Class ||
Navigation area, then the flight may be conducted as arevenue flight.

(2) If theflight is conducted in aClass || Navigation area, and the GPS avionicsis
supplemented by some other Long Range Navigation system (e.g. INS), then it may be conducted as a
revenue flight.

(3) If theflight is conducted in aClass 11 Navigation area solely with GPS as the navigation
system, then it must be conducted as a non-revenue flight with the exception that cargo may be carried.

h. Conditionsof Validation Test Flights. The following conditions apply to validation test
flights

(1) Atleast oneflight should be observed by an FAA aviation safety inspector.

(2) Dispatch procedures must be demonstrated for the Class || Navigation area(s) where
operations are intended to be conducted.

(3) Theflight(s) should be of adequate duration for the pilots to demonstrate knowledge of
digpatch requirements, cgpability to navigate with the system, and to perform norma and non-normd
procedures.

i. Policy Deviations. Requeststo deviate from this policy should be forwarded to AFS-400 for
consideration at (202) 267-3752.
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APPENDIX 5 - WIDE AREA AUGMENTATION SYSTEM (WAAYS)

1. GENERAL. WAASwill enhance the capability of the GPS Standard Positioning Service (SPS) to
meet the accuracy (the difference between the measured position at any given time to the actua or true
position), avalability (the ability of a system to be used for navigation whenever it is needed by the
users, and its ability to provide that service throughout aflight operation), and integrity (the ability of a
system to provide timely warnings to users or to shut itsalf down when it should not be used for
navigation) requirements critica to safety of flight.

a. Inorder to meet these requirements the FAA is developing the Wide Area Augmentation
System or WAAS. WAAS s a safety-critical navigation system that will provide a qudity of podtioning
information never before available to the aviation community. It iswhat the nameimplies, a
geographically expandve augmentation to the basic GPS service. The WAAS improves the accuracy,
integrity, and availability of the basc GPSsgnds. This system will dlow satdlite navigation to be used
asthe only means of navigation for en route and termina phases of flight and instrument gpproachesin
the U.S. National Airspace System (NAS). The wide area of coverage for this system includes the
entire United States and some adjacent areas such as Canada and Mexico.

b. The WAAS isbased on anetwork of WAAS reference stations (WRS ') that covers avery large
savicearea. These WRS s are linked to form the WAAS network. Each of these precisdy surveyed
WRS s receive GPS sgnds and determine if any errorsexist. Each WRS in the network relays the data
to the wide area master station (WMS) where correction information is computed. The WMS calculates
correction agorithms and assesses the integrity of the systlem. A correction message is prepared and
uplinked to geodtationary satellites (GEO's) viaaground uplink system (GUS). The message isthen
broadcast on the same frequency as GPS (L1, 1575.42MHz) to receivers within the broadcast coverage
areaof the GEO's. The GEO'sds0 act as additiona navigation satellites for the aircraft, providing
additiond ranging Sgnas for position determination.

c. The WAASwill improve GPS SPS accuracy to gpproximately 7 meters verticaly and
horizontaly, improve system availability through the use of GEO's, and provide important integrity
information about the entire GPS congd|ation.
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APPENDIX 6 - LOCAL AREA AUGMENTATION SYSTEM (LAAS)

1. TheLAASI sintended to complement the Wide Area Augmentation System (WAAS) and
function together to supply users of the U.S. Nationa Airspace System (NAS) with seamless
satellite based navigation for al phases of flight. In practica terms, this means that at locations
where the WAAS is unable to meet exigting navigation and landing requirements (such as
avalability), the LAASwill be used to fulfill those requirements. In addition, the LAAS will meet
the more stringent Category 11/111 requirements that exist a selected |ocations throughout the U.S.
Beyond Category 111, the LAAS will provide the user with a navigation Sgna that can be used as an
al weether surface navigation cgpability, enabling the potentia use of LAAS as a component of a
surface navigation system and an input to surface survelllanceftraffic management systems.

2. Similar to the WAAS concept which incorporates the use of geostationary satdllites (GEO's) to
broadcast a correction message, the LAAS will broadcast its correction message viavery high
frequency (VHF) radio dataink from a ground-based transmitter.

3. TheLAASwill yidd the extremely high accuracy, availability, and integrity necessary for Category
I/l precison gpproaches. It isfully expected that the end-state LAAS will provide accuracy to
pinpoint an arcraft’s pogtion to within one meter or less.

4. The LAASwill provide many benefitsfor dl users. Curved or segmented precision approach paths,
impossible usng the current instrument landing systems, will be possible with LAAS. Unlike current
instrument landing systems (ILS, MLS), asingle LAAS ground station will provide precison goproach
cgpability to dl runway ends a an arfied, diminating the need for multiple ILSMLS inddlations solely
for the purpose of serving multiple runways.
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